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SAFETY TROCAR ASSEMBLY 



Field of the Invention 

The present invention relates to medical equipment, in 
particular to trocar and similar devices used in surgical 
procedures and intended for their improvement. 

Background of the Prior Art 

Trocars are used in medicine for making openings in body 
cavity walls used further as ports for instrument insertion to 
body cavity and diagnosis and treatment. When trocar is inserted 
to body cavity, there is a real danger of interior organ injury 
by piercing-cutting means entering the body cavity and located 
at the trocar distal end. 

To prevent such a complication, the trocars are equipped 
with various protectors of piercing-cutting means. However, all 
known solutions do not eliminate totally the acuity of the 
problem of accidental puncture wounds of internal organs upon 
trocar performance. 

The safety trocar penetrating instrument is known from the 
US patent No, 5591190, comprising port unit and trocar unit with 
obturator on whose distal end there is a piercing-cutting means. 
The device is equipped with protector for said piercing-cutting 
means made as a tubular shield situated between obturator and 
tubular cannula of port unit and movable relative to obturator 
within the range from the extended position when it encloses 
piercing-cutting means and prevents it from any contact, to the 
retracted one, when piercing-cutting means is open and can 
opening in the body cavity wall. Such a protector advances to 
the extended position when the force applied to its distal edge 
on the side of body cavity wall is removed, which occurs after 
complete exit of the exposed piercing-cutting means to body 
cavity, i.e. after internal organs could have already heen 
injured. 



Another tro 




and cannula assembly are 




>wn from the USA 



patent No. 5246425, which are equipped with tip ptotector 
comprising a plurality of projections which, by the authors' 
idea should be actuated into an extended before the piercing 
apex has been fully inserted to body cavity. However, said 
design predetermines injury of body cavity wall, increased 
resistance to the device advance, the device advance ^in jeosks, 
high probability of protector jamming/ i.e. protector does ^not 
advance to the extended position upon tip exit into body cavity, 
and as a consequence, internal organs are injured. Said 
drawbacks are the result of the fact that several piercing 
members are present, that is the tip and the protectors 
themselves. When these members pass through fibrous anatomical 
structures: aponeuroses, fascias, muscles, the structure fibers 
enter either the projections, or between the projections and 
tip; therefore, further device advance is possible solely by 
rupturing these fibers which, in its turn, res-uits in increased 
tissue injury and in the device hindered, advance . 

The tissue -fibers -incorporated- between pro jeetipns and tip 
can jam protector, in the retracted iposi^tipn. Iriv-this case the 
jeopardy of internal body injury ^ is evenv^higher than* by the 
performance of a trocar non^equipped%f with **pi?otfector , since a 
surgeon, being sure* of the device sa*fety, operates with less 
caution 

In addition to the protection of patient's organs, the 
protector is intended for guarding medical personnel from 
accidental puncture injuries. For this aim the protector is 
equipped with locking mechanisms which fix in in the extended 
position. Such locking mechanism is described in the USA Patent 
No. 5246425. Said locking means ensures protector fixing in the 
extended position for any trocar unit position relative to port 
unit, including- the completely assembled* onev There are* the 
means for the protector manual de-blocking wh£ch&*pre elude the 
lock mechanism automatic operation. With such -a -design it is 
upon the^* surgeon- to ; deeide-^ wke^ lock mechanisms should be 
activated. 
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Hence, if the ^Bigeon forgets to do it, unit xs 

removed of port unit with inactivated lock mechanism and it is 
dangerous because medical personnel, being sure of its complete 
safety, handles the trocar more carelessly. If, by trocar unit 
setting into port unit, the locking mechanism is inactivated, 
the port unit sealing means shift it to the retracted position 
by interacting with protector. Thus, piercing-cutting members 
pass uprotected through the sealing means area, and can bring to 
the trocar unit jamming in port unit, or damage sealing means, 
which results in violation of its de-sealing properties. 

Hence, lack of automatically supported link between the 
device readiness to tissue piercing and locking mechanism 
condition distract the surgeon to the locking mechanism control, 
which is inconvenient and unreliable. 

A trocar with shield is known from the US patent No. 
5797943. The geometry of the described in the patent shield 
should, by the authors' opinion, ensure successive protection of 
various zones in piercing-cutting means practically 

simultaneously with their penetration to the body cavity. 
However, shield members have such sizes, shape, arrangement and 
contact zone with body cavity wall that they generate 
considerable resistance between the shield and the body cavity 
wall tissues, and it holds the shield in totally retracted 
position, up to the shield complete removal beyond the bounds of 
body cavity wall, which means that no successive protection of 
piercing-cutting members takes place as they enter the body 
cavity. 

Similar demerit is found in USA patents No. 5690663, 
5709671. A trocar, having improved tip configuration is known 
from the US patent No. 5709671, where distal edge of tubular 
cannula is made sloping, to facilitate the device passing 
through body cavity wall. In fact, the surgeon has less 
difficulties in trocar passing through tissues since sloping 
edge of cannula operates as a wedge giving the benefit of force, 
which facilitates tissue rupture by trocar passing. But tissue 
injury during the trocar performance remains considerable. 
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All above de^Kibed devices lack the meam for sealing 





spacing between cannula and body cavity wall; they also do not 
have means for hemostasis out of the orifice edges into body 
cavity wall. These devices do not have reliable means precluding 



displacement and complete port drop out of body cavity wall. 

The «US No. 555.64.1-1.. is knom>compMsing., ;: pannula^retaining , 
means made as a movable-, along^the canfirta raeinbex^with^sMeky 
surface flanges, which sticks to**a -pa^femn^s skin, and? ensures 
cannula fix atio n . 

However, this fixation is insufficiently reliable and does 
not ensure body cavity sealing. 

Summary of the Invention 

The invention objective is decrease of internal organ injury 
risk upon trocar performance. 

Another invention objective is increased reliability of 
protector operation* by JpreVenting .jamming .and r engagemen# of body 
cavity- -wall tissues, between* the memb.e^sj ^pfe. ( tro©a^ distal edge. 

Another invention objective .is.^egr<e^ injury of 

body r cavity >wa 1.1 . 

Another , invention objective^is sf acilCt*a^tec%itr© k ©ar. passing 
through -body^cavity wa*ll . 

Another invention objective - is deG*riea*sed^ma»fee3^iaiL^ 
consumption f the , device, . design simplification and. device 
low-cost manufacturing. 

Another invention objective is trocar performance easiness . 

Another invention objective is increased safety of medical 
personnel by trocar operation. 

Another invention objective is independent selective 
performance of cutting means dependable on tissue local 
biomechanical properties . 

Another inventions-objective is accurate adaptation o f 
orifice- sizes in body* cavity wa*Ll to the^ ca«n<n»uia *diramet.er . 

Another inventions objective is improved? body cavity sealing 
and precluded gas discharge through the spacing between cannula 
and orifice edges in body cavity wall. 
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Another invent 1 



objective is ensured he: 



asis on the 



edges of trocar-generated orifice. 

Another invention objective is improved fixation of portal 
unit in the orifice in body cavity wall. 

The specified objectives are achieved by a. safety trocar 
assembly comprising: 

- portal unit with elongated, tubular cannula having an open 
distal end; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
end exposed through said open distal end of said cannula and a 
mechanical cutting means for making orifice in body cavity wall, 
comprising a penetrating apex and a sloping side wall; 

- a protector means situated on said obturator and 
comprising penetrating apex shield adapted to actuate between a 
retracted and an extended position, when said shield surrounds 
said penetrating apex and said sloping side wall surrounds said 
shield from the outside; 

- distal edge of said shield forms a hedge precluding the 
introduction and engagement of tissue fibers of body cavity wall 
both between said shield and said penetrating apex, and between 
said shield segments; 

- bias means for biasing said shield toward said extended 
position and for permitting said shield move to said retracted 
position in response to a proximally directed force applied to 
said shield distal edge, said bias means, returning said shield 
to said extended position when the force applied to said shield 
distal edge is removed, which occurs when said penetrating apex 
and said shield distal edge have entered a patient's body 
cavity, however, before said penetrating end has been fully 
inserted. 

Said penetrating apex shield destined only for the 
protection of penetrating end distal section ensures the 
penetrating apex protection by its maximal penetration into body 
cavity which dramatically decreases the possibility of inner 
organ injury. The embodiment of penetrating apex shield as a 
penetrating-apex-surrounding hedge facilitates trocar assembly 
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^fev cavity wall due to the^^nj 



passing through ^Biy cavity wall due to the^Pnplete preclusion 
of tissue introduction between the shield members as well as 
between shield and penetrating apex members, which also 
decreases tissue injury. 

A device, wherein said bias means has means made as spring 
mounted between said shield and parts of said trocar unit and 
said spring* is situated in said obturator, prefese-wfeAally ■ in its 
distal part. 

Th'ese embodiments of bias means differ, in the*ir simplicity 
and performance reliability. 

A device, wherein said shield is tubular. 

A device, wherein said shield is made as coiled springy rod. 
A device, wherein said shield is made integral with said 
spring . 

Penetrating apex shield in these embodiments totally 
surrounds the penetrating apex, thus ensuring reliable 
performance, and their 1 manufacturing is low-cost. 

In device, wherein said penetrating apex is made as a 
separate par«t mounted-- into said; obteurat&o.rjr: and in this 
embodiment penetrating apgx^'y' 1 - cai^ posses s ^improved penetrating 

properties .V, 

In device, wherein said penetrating apex is *made ^integral 
with at least distal , part of* sa*id obturator^ it is maximally 
simple and low-priced^in -manufacturing^ 

In device, which has longitudinal central axis and said 
obturator and tubular cannula are situated coaxially with it and 
wherein: 

- the displacement vector of said protector means between 
its said extended and retracted position is in the plane 
parallel to said longitudinal axis of trocar assembly; 

- said cutting means comprises at least one cutting edge 
situated - in 'the^pLane^ parallel to said centra*- longitudinal axis 
of the device so that this plane is the cutfcing**plane> of said 
cutting edge?* 

- said* protector • mea*is has^a s hiel*d> , .f or* pr 0 1 e'<2i1|?ing ^s aid ' 
cutting edge ; 
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- said shield MP shield outer surface and such serves 
that section of said shield surface which in the assembled 
position of said trocar assembly and when said shield is in said 
extended position is located distally of said open distal end of 
tubular cannula and protrudes beyound the bounds of members of 
said trocar assembly immovable relative to said tubular cannula; 

- said shield has shield height, and as such serves the 
distance between said cutting plane and said shield enter 
surface; 

- said shield has shield width, and as such serves the 
distance between said device longitudinal axis and said shield 
outer surface; 

- said shield has shield local comparative height, and as 
such serves the ratio of local maximal height of said shield to 
local maximal width of said shield measured in their common 
plane perpendicular to said device longitudinal axis; 

- said shield has proximal protected position, and as such 
serves the extreme proximal position of said shield when there 
is the complete protection of said cutting edge; 

- there is a screen area of said shield, and as such serves 
the section of said shield which, when said shield is located in 
said proximal protected position, is situated between two planes 
perpendicular to said device longitudinal axis so that one of 
said planes intersects the proximal end of said cuttng edge, 
whereas the other said plane intersects distal end of said 
cutting edge, and the plane equidistant from both said 
perpendicular planes divides said screen area into proximal and 

distal screen zone; 

wherein said shield has shield zones located bilaterally 

of said cutting plane; 

- there is full local comparative height of said shield, and 
as such serves the ratio of total local maximal height of said 
shield and said local maximal width, so that total local maximal 
height of said shield is the distance between outer surfaces of 
said shield zones measured along the line perpendicular to said 
cutting plane; 
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wherein theri^ a one-sided low profileWield situated 
laterally of said cutting plane, and. said shield local 
comparative height along the proximal screen area is below 0.8; 

wherein there is a two-sided low profile shield, and said 
shield full comparative height along the proximal screen area is 
below 1.4. 

The .protectors in these embodimenit-s aiae^low-.pisof-ile 
protectors and have upgraded protection- properties . Owing to 
small area of tissue operated surf ace such protector-s can 
perform with minimal penetrating means penetration to body 
cavity. 

Device, wherein said cutting means comprises penetrating 
apex cutting means situated inside of said penetrating apex 
shield. 

Device, wherein said penetrating apex cutting means are 
situated uniplanarly, whereas said penetrating apex has 
elongated transversal cross-section with largest axis lying 
uniplanarly with said penetrating apex .cutting means . 

Device, wherein said penetrating ¥ ap,ex > .cut.ti,ng means and 
outer cutting means ~,a*e made .integral on ,the^pliate^shap^d base, 
and said .* penetrating apex shield , is made * as two-sided low 
profile .shield/ and has,, longitudinal sl,ot, said plate base 

passes through. 

The- penetrating apex— emb@dimen»t in plate shape ^permits to 
use low profile protector which surrounds penetrating apex. 

Device, wherein said cutting means has outer cutting means 
situated outside of said penetrating apex shield. 

Device, wherein there is at least one outer shield for said 
outer cutting means adapted to actuate between outer shield 
retracted - unprotected - position and outer shield extended - 
protected - position, and outer bias means for biasing said 
outer shield toward said extended position^ permitting said 
shield move to said retracted position in* response ^ to a 
proximally directed force applied to body t±s : s,ue operated 
surface ©f said outer s . shield, said bias mean-s^r etuBning said 
outer shield to said outer shield extended position when the 
force applied to said outer shield is removed so that said 
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penetrating apex ^Rield and outer sh^^l are movable 
independently of one another and can be in at least three 
extreme mutual positions: their simultaneous location in said 
extended and outer shield extended position, respectively; 
location of said penetrating apex shield in said extended 
position, and said outer shield in said outer shield retracted 
position; location of both in said retracted and outer shield 
retracted position, respectively. 

Device, wherein said outer cutting means have at least one 
outer cutting member made as a knife mounted on said penetrating 
end between said penetrating apex shield and said outer shield 
so that the knife cutting edge protrudes above the surface of. 
said sloping wall. 

Device, wherein there are two outer cutting members. 

Device, wherein there are three outer cutting members. 

Device, wherein said outer shield surrounds said penetrating 
apex, penetrating apex shield, and outer cutting means. 

Device, wherein said outer shield is made tubular, and said 
outer biasing means is made as a compression spring. 

When cutting means are situated outside of penetrating apex 
shield there is an outer shield for protection of outer cutting 
means. Making outer shield tubular is a simple and reliable 
solution. 

Device, wherein said outer shield is made as two-sided low 
profile shield, and comprises plate-shaped shield members 
mounted bilaterally of said outer cutting means and rigidly 
interconnected. 

Outer shield made as low profile protector has upgraded 
protection properties . 

A safety trocar assembly comprising: 

- portal unit having elongated obturator with penetrating 

distal end; 

- longitudinal axis of trocar assembly; 

- penetrating means for orifice formation in body cavity 
wall, having at least two penetrating zones: first penetrating 
zone and second penetrating zone; 
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- a protectoH^ans, having protector mJ^pr for each o'f 
said penetrating zones and adapted to actuate between a 
retracted and an extended position, when each said protector 
member has body tissue operated surface which is the section of 
of said protector member surface which contacts with body cavity 
wall tissue and while interacting with body tissue results in 
displacement of* sa*kd*apr©t?e^ of said extended 
position towaEd said,,* retracted position so-that<^iisplacement 
vectors of said protector member s between t hei^r s add retracted 
and extended positions are in the planes parallel to said 
longitudinal axis ; 

- bias means for each of said protector members for biasing 
said protector members toward said extended position and for 
permitting said protector members move to said retracted 
position in response to a force applied to said tissue operated 
surface, said bias means, returning said protector members to 
said extended position when the force applied to said tissue 
operated* surface * is * removed, which occurs -when said protector 
members move ./ independently of . one another^between their said 
extended and ret?raoted impositions 

Presence of independent prAtectpr^^memb^er^s^f or^xeach 
pene tf a t ing^z on^ giwas*# troear , asfsembihy impB©^ed* protection 
properties r 

In this embodiment ea©h protector .member guards 
corresponding penetrating zone upon its maximal protrusion to 
the body cavity; it also ensures that only that penetrating zone 
at which level penetrating end is exposed to the increased 
resistance of body cavity wall tissue, will operate. 

Device, wherein said penetrating means at the level of at 
least one said penetrating zone is made as cutting member with 
cutting edge so that said cutting edge is situated in the plane 
parallel-* to- said longitudinal axis 7 and this ^ planer is the - 
cutting^plane for said cutting- edg«q>* 

Device wherein said bias^ mea»n»s^ is. made^as^^resi^ivent 
membe^&f 

This is an example of a simple and operation-reliable 
embodiment of penetrating means and bias means . 
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Device, wherei^Jaid protector members arAde as separate 
shields . 

Device, wherein said protector members are made as a common 
shield for at least two penetrating zones, with penetrating 
means made as said cutting members with common cutting edge so 
that each of said cutting members is protected by corresponding 
regions of said common shield so that each of said common shield 
regions is by its own said bias means. 

Device, wherein said common shield and said bias means are 
made as a single resilient part having a slot which in said 
extended position is basically situated parallel to said cutting 
edge, and resilient arcs, each of them being connected to said 
slot by one its end, whereas the other one is connected with the 
members of said penetrating end immovable relative to said 
cutting edge. 

Device, wherein said common shield in said extended position 
extends beyond the bounds of said cutting edge no more than 2 
mm in the direction parallel to said cutting plane of said 
cutting edge. 

Such common shield is actually a floating shield where the 
displacement direction of protector members optimally 
corresponds 

to the direction of tissue impact on tissue operated edge which 
ensures adequate shield response to the changes in tissue 
biomechanical characteristics varying from layer to layer. 

Device, wherein there is at least one penetrating zone level 
limited by two planes perpendicular to said longitudinal axis, 
one of them intersecting the extreme distal point of said 
penetrating zone, whereas another one intersects the extreme 
proximal point of said penetrating zone. 

Device, wherein there are at least two said penetrating zone 
levels, one being distal and another one, proximal. 

Device, wherein a section of said penetrating means at the 
level of said penetrating zone and corresponding to it said 
protector member and bias means are a penetration unit so that 
said distal and proximal penetration units are made so that the 
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3^^Ddv tissue at the le^^ 



penetration into^^ody tissue at the le^v^^ of said proximal 
penetration unit occurs under higher tissue tension than the 
penetration of tissue at the level of said distal penetration 
unit. 

Device, wherein rigidity of said proximal bias means of said 
proximal protector unit is higher than the rigidity of said 
distal bias means of said distalv protestor* uni*t. 

A safety trocar assembly- comprising*: 

_ trocar unit with penetrating means -having^at least two 
penetrating zones - distal and proximal - so that penetration of 
body tissue at the level of said proximal penetration zone 
occurs under higher tissue tension than penetration of tissue at 
the level of said distal penetration zone. 

Device, wherein said penetrating means at the level of said 
distal and proximal zones are made as cutting members so that 
said distal cutting member is made sharper than said proximal 
cutting member. 

Device, wherein there is a ..protector member for each of said 
penetrating ozones* * squ that the disp t LaQ^men J tew of said ^proximal 
protestor member- from the ex^tendecU to the^r extracted position 
demands greater effort tha^ the- displacement of • said distal 
protector member . 

Tissue .-.cutting- *at3*"the level ofproximai penetrating zone by 
its higher tension than** at *the^ level of distal penetrating zone 
precludes formation of extremely large orifice in body cavity 
wall which improves port unit stability in the orifice, promotes 
hemostasis due to a good pressure of orifice edges to the 
cannula, precludes gas discharge out of body cavity; in post- 
operation it fastens tissue healing at the orifice level. 

Device, wherein there is more than one said common shield, 
and they are situated around said longitudinal axis at regular 
intervals -from each other-. 

Device, wherein said distal penetratingr^unit, ha*s**said 
cutting member, said protector members! s made**pl*aAt*e- shaped and 
situated parallel to said cutting members, and saffed -bias means is 
made as a flat compression spring. 
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Device', whereiHihere is a blunt penetrat apex, and said 
first and second penetrating zones are situated proximally of 
said blunt penetrating apex. 

Device, wherein there are two said cutting members, whereas 
said protector members are made as plates situated parallel to 
the corresponding said cutting members, and said bias means are 
made as compression springs and said blunt penetrating apex is 
in line with said longitudinal axis. 

Safety trocar assembly for making orifice in body cavity 
wall and for portal unit mounting in said orifice, comprising: 

- central longitudinal axis; 

- elongated obturator with distal penetrating end, having 
blunt apex and cutting means situated proximally of said blunt 
apex. 

Presence of blunt apex actually totally precludes inner 
organ injury by the penetrating apex distal end, i.e. the most 
commonly occurring complication type by trocar operation. 

Device, wherein said blunt apex has: 

- a base constituted by the section of said blunt apex 
situated at distal point level of said cutting means; 

- a blunt apex distal point formed by the extreme distal 
point on the surface of said blunt apex; 

- blunt apex central axis constituted by the axis parallel 
to said central longitudinal axis and intersecting said blunt 
apex distal point; 

- a diameter of said blunt apex base constituted by the 
diameter of a circumference made at the level of said base blunt 
apex and circumscribing the most protruding points on said 
surface of said base blunt apex so that the center of said 
circumference is located on said central axis blunt apex, and 
said circumference is in the plane perpendicular to said central 
axis blunt apex. 

Device, wherein said obturator has a diameter constituted by 
the diameter of the largest circumference with the centers on 
said central longitudinal axis made in the planes perpendicular 
to said central longitudinal axis, and circumscribing the most 
protruding points on the surface of said obturator at the distal 
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half section of^Taid obturator so that sWR diameter of base 
blunt apex constitutes less than 7 5% of said obturator diameter. 

Device, wherein said diameter of base blunt apex preferably 
constitutes less than 30% of said obturator diameter. 

Device, wherein end of said blunt apex is round. 

Device, wherein the diameter of said blunt apex end is less 
than . sa-id :diame^er ofe/ba^e^biunfe apex*. 

Said ^proportions and sizes^ give ^troear^upgradedi^penetrating «- 
properties without decrease in saf.e^y . 

Trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongated tubular cannula, having an open 
distal end having at least one sloping edge situated in the 
plane intersecting said longitudinal central axis at an acute 
angle; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a cutting 
means .for- ma»king orifice in body ca-vity wall, and* exposed 
through said xopen distal* end ^pf sa^d %cannuda 

- said cutting means * has atswle4;S;t^one -putting ^djge* so that 
proximal end of said cutting^ edg^e^ is - loea^d^rqxima&dy of 
distal 

point of *s aid s 1 o p i ng- ?edg e o f said tubu*la*£* cannula . 

This device embodiment facilitates its passing through^, 
tissues, owing to the formation of orifice conforming to the 
cannula sizes* 

Device, wherein there is a cutting plane of said cutting 
edge constituted by the plane intersecting said cutting edge and 
said longitudinal central axis. 

Device, wherein said cutting plane is the symmetry plane of 
said sloping edge. 

Device y wherein -thei?e^ aEe^mo^e^tha# one^sa^d s^eute#ing«*iedge 
having differing said cutting^planes^ 

Devicev wherein the- numfe^a?^o:&^said *s Lo^4^g^^dg^ corresponds * 
to the^numbe^of said ^cu^ting^planes^' 

Trocar assembly comprising: 
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- portal unit ftki elongated tubular cann\^and portal unit 
mounting means for mounting said portal unit in said orifice of 
body cavity wall which has inner mounting means made as inflated 
cuff mounted on said tubular cannula, and there is connector 
means for said cuff connection to the external gas supply. 

The inflated cuff is a simple, low-cost and reliable means 
for the solution of the problem of port unit extreme mobility in 

body cavity wall. 

Device, wherein there is an outer mounting means comprising 
restraining member movable along said tubular cannula, and 
resistance means precluding spontaneous proximal displacement of 
said restraining member. 

Device, wherein said restraining member has a flange and an 
orifice said tubular cannula passes through, and said resisting 
means is made as engagement means and has restraining member, 
engagement protrusions situated on inner of said orifice, and 
tubular cannula engagement protrusions situated on outer surface 
of said tubular cannula. 

Device, wherein said connection means comprises connector 
with rebound valve and a passage connecting said connector and 
said cuff and passing through the wall of said tubular cannula. 

Device, wherein there is outer sealing means to maintain 
insufflation of the body cavity precluding gas leakage out of 
body cavity into the atmosphere through the spacing between said 
portal unit and walls of said orifice in body cavity wall, and 
said outer sealing means has seal member, and said inflated cuff 
serves as such. 

Device, wherein there is cuff traction means ensuring 
retaining of said inflated cuff against inner surface of body 
cavity wall in its inflated state. 

Device, wherein said outer mounting means serve as said 

retaining means . 

The above mentioned embodiments provide the device both with 
inmproved stability within the orifice in body cavity wall and 
with additional sealing and hemostatic properties. 

A safety trocar assembly comprising: 
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- portal uniflfelth elongated, tubular cs^fcla having an' open 
distal end; 

- said portal unit has a portal housing located on the 
proximal end of said tubular cannula; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
end exposed*, through said open distal end~of said cannula, and a 
cutting means for making orifice in body canity wall, situated 
on said penetrating end; 

- a protector means situated on said obturator and adapted 
to actuate between a retracted and an extended protected 
position; 

- bias means for biasing said protector means toward said 
extended position and for permitting said protector means move 
to said retracted position in response to a proximally directed 
force applied to said protector means, returning said shield to 
said extended^ position when the force applied to said protector 

means is removed; 

- inner seals -located in said -portal housing* and aimed to 
maintain in.su-f f latipn of_th«e .body ^cavity ;-, 

- locking -means which being^ri lojokr position *looks- said 
protector means into > protected position ,- and^being^in an unlock 
position unlocks said protector means^so tha^' said -locking means 
unlocks said protector means when«*sai4 cutting*. mean.s is located 
distally of said seals. 

The specified principle of lock means operation provides 
total safety from trocar accidental pricks, and completely 
precludes potential damage of seals by penetrating means. 

Device, wherein said locking means has obturator- situated 
controlling member, partially protruding laterally of said 
obturator and adapted for the interation with inner surface of 
said tubular, cannula for moving^ abutting** member^ 1 which is 
spring-loaded to said obturator and,,, has** abiattng ^surface for 
rigid abuttmen^t of said * protector mean s^- members v when said 
locking means-is in said lock' *posi^ion^ 

Device, wherein said cutting means is made as knives, said 
protector means is made as a tubular member, and said bias means 
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is made as a sprinl 

Device, wherein each of said independent shields has 
independent said locking means. 

Device, wherein said penetrating apex shield and said outer 
shield have independent said locking means . 

Device, wherein there is said locking means for one of said 
shields, which in said protected position ensures protection of 
said penetrating apex and of all said cutting means. 

Device, wherein there is said locking means to said outer 
shield. 

Specified lock means embodiments differ favorably by the 
design simplicity, performance reliability, and are applicable 
for various protections . 

Safety trocar assembly comprising trocar unit having: 

- elongated obturator; 

- penetrating means situated on distal end of said obturator 
and having at least one penetrating zone; 

- a protector means situated on said obturator and 
comprising shield for said penetrating zone and adapted to 
actuate between a retracted and an extended position; 

- bias means for biasing said shield toward said extended 
position, and for permitting said shield move to said retracted 
position; 

- longitudinal central axis of said obturator; 

- displacement vector of said shield between their said 
extended and retracted positions is in the plane parallel to 
said longitudinal axis; 

- said shield is made as one-sided low profile shield, and 
situated on one side of cutting plane of said penetrating zone, 
and along the proximal screen area has the shield local 
comparative height less than 0.8. 

A safety trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongated, tubular cannula having an open 
distal end; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
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A to ■ 

end exposed thro^^ said cannula open distal^WId; 

- penetrating means situated on said penetrating end; 

- a protector means for said penetrating means having at 
least one shield situated on said obturator and adapted to 
actuate between a retracted and an extended position when said 
shield protects said penetrating ^mea^ns ; 

- shield open -part , this being-vthe>< pa»r«t- of- .said^shield which 
when said protector means is in said retracted -position, is 
situated distally of the plane-, perpendicular/ to said 
longitudinal central axis and intersecting the proximal point of 
the section of outer surface of said shield protruding beyond 
the bounds of the members of said trocar assembly immovable 
with regard to said penetrating means and located distally of 
said cannula open distal end; 

- common projection of outer surfaces of the members of said 
trocar assembly situated distally of said cannula open distal 
end onto the plane perpendicular to said longitudinal central 
axis, having the center in the intersect point of said plane and 
said longitudinal central axis;- 

- pro j eqt ion -width -of said vshielvd ^and -a sr*s iiGh,^s erves the, 
distance between - said said comm©n-*pro jeefcion center ^and its most 
remote point on * said shield proj ection -ou>t 1 ine ;. 

_ relative- pro jection area of said shield outer "outline whic 
is the ratio of said projection area of shield outer, outline to 
the area of the circle with radius equal to said projection widt 
of said shield so that said relative pro jection area of said 
shield outer outline is always less than 0.4. 

Device, wherein said relative projection area of shield 
outer outline is less than 0.2. 

The major property of low-profile protectors is absence of 
delay in operation. Such protectors have small area of tissue 
operated— surface situated in direct vicinity* of*< the^ cutting 
plane, and therefore, by tissue cutting ai*e >dis.pil::aeed«*to the 
extended^ppsition without any significant resisfeantce^ 

Device; wherein there is a portal unit with elongated 
tubular cannula, having an open distal end through which said 
penetrating means and said shield are exposed so that said 
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shield has' shieldftpen part and as such se^ the section of 
said shield which by said shield location in said retracted 
position is situated between two planes perpendicular to said 
longitudinal central axis so that one of them intersects the 
distal point of said shield, and the other said plane intersects 
the proximal point of the section of inner surface of said 
shield protruding beyond the bounds of the members of said 
trocar assembly immovable with regard to said penetrating means 
and located distally of said open distal end of tubular cannula. 

Device, wherein said shield open part situated proximally of 
said screen area has the shield local comparative height less 
than 0.8. 

Device, wherein inner diameter of said tubular cannula at 
the level of said open distal end is within 10 ran to 12.5 nun 
range so that said maximal height of said shield along the 
entire said shield open part is less than 3.5 mm. 

Device, wherein inner diameter of said tubular cannula at 
the level of said open distal end is within 5 mm to 6 . 5 mm range 
so that said maximal height of said shield along the entire said 
shield open part is less than 2 mm. 

Preferrable sizes and proportions of low profile protectors 

are given. 

Device, wherein said penetrating zone has cutting edge 
situated in the plane parallel to said longitudinal central 
axis, and said cutting edge has inner end point and outer end 
point so that said inner end point is situated closer to said 
longitudinal central axis than said outer end point. 

Device, wherein said shield is direct shield, and by 
displacement from said extended position to said retracted one, 
it gradually exposes said cutting edge from said inner end point 
to said outer end point. 

Device, wherein said shield is delineating shield in which 
tissue operated edge is made approximately congruent to said 
cutting edge and exposes said cutting edge approximately 
concurrently along the entire length. 

Device, wherein said penetrating means is made as a knife, 
where said cutting edge is made in the same plane with 
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t^^T axis, said shield is ma 



longitudinal centw axis, said shield is mad^R>late- shaped , and 
bias means is made as a flat compression means . 

Device, wherein said shield is inverted shield and by its 
displacement from said extended to said retracted position it 
gradually exposes said cutting edge from said outer end point to 
said inner end point. 

Device , wheasein- ther.e^is a blunt- apex, two, sadd^cutting 
edges situated on-- the^common^base set in a ^longitudinal; groove 
of said distal end of said obturator so- tha-t said cutting edges 
are situated from two opposite sides of said obturator distal 
end at an acute angle to said longitudinal central axis, whereas 
said shield is made plate-shaped and has two said tissue 
operated edges, one for each said cutting edge so that said 
tissue operated edges are made tilted with regard to said 
longitudinal axis so that their tilt angle is less than said 
tilt angle of cutting edges, and said bias means is made as a 
compression spring, and" there is a lock- mea*i*s -for blocking said 
shieldwin said ex^tended^p^aitiQn . 

Device , wherein the^e *is *more than ^one^s aid *pen.e t r a t ing zone 
and there- is : an inverted ,muljti shield having protestor, members 
for each*' said penetrating zone so that^said p^ote^tor members 

are on a common base * and&& upon d i s plaa c e men<t friom- extended to 

retracted position expose*-* said penetrating .zones^frbm proximal 
to distal one., 

Device, wherein said cutting edge is situated at an acute 
angle to said longitudinal central axis, and said tissue 
operated edge of said shield is made stepwise, and bias means is 
made as a compression spring, 

The examples of low profile protector embodiments are given, 

CLAIMS : 

What is c 1 a i*med*^i s :<* 

A safety trocar^ as semb^ 

- postal*- uni*t 'wi*th eiongated*^ tubular ca=n^«ia^ha^ng^an open 
distal end';* 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
end exposed through said open distal end of said cannula and a 
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mechanical' cutting ans for making orifice ii^JIdy cavity wall, 
comprising a penetrating apex and a sloping side wall; 

- a protector means situated on said obturator and 
comprising penetrating apex shield adapted to actuate between a 
retracted and an extended position, when said shield surrounds 
said penetrating apex and said sloping side wall surrounds said 
shield from the outside; 

- distal edge of said shield forms a hedge precluding the 
introduction and engagement of tissue fibers of body cavity wall 
both between said shield and said penetrating apex, and between 
said shield segments; 

- bias means for biasing said shield toward said extended 
position and for permitting said shield move to said retracted 
position in response to a proximally directed force applied to 
said shield distal edge, said bias means, returning said shield, 
to said extended position when the force applied to said shield 
distal edge is removed, which occurs when said penetrating apex 
and said shield distal edge have entered a patient's body 
cavity, however, before said penetrating end has been fully 
inserted . 

2 . Device according to Claim 1 , wherein said bias means has 
means made as spring mounted between said shield and parts of 
said trocar unit, 

3. Device according to Claim 2, wherein said spring is 
situated in said obturator, preferentially in its distal part. 

4. Device according to Claim 1, wherein said shield is 
tubular. 

5. Device according to Claim 3, wherein said shield is made 
coiled springy rod. 

6. Device according to Claim 5, wherein said shield is made 
integral with said spring. 
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7. Device acSRing to Claim 1, wherein ^Wd penetrating 
apex is made as a separate part mounted into said obturator. 

8. Device according to Claim 1, wherein said penetrating 
apex is made integral with at least distal part of said 
obturator. 

9. Device according to Claim 1 , which has longitudinal 
central axis and said obturator and tubular > canwiajare situated 
coaxially with it. 

10. Device according to Claim 9, wherein: 

- the displacement vector of said protector means between 
its said extended and retracted position is in the plane 
parallel to said longitudinal axis of trocar assembly; 

- said cutting means comprises at least one cutting edge 
situated in the plane parallel to .said-central longitudinal axis 
of the device so* that this plane ^is ^the-.cutting^plane of said 
c u 1 1 i ng^e dge*;-* 

- saixl protector means has -a ^shield for ^prq^ecting, said 
cutting-* edge ; 

_ said 'shield has^shield ,outer^rsu^f ace^and^as^sueh -serves 
that section of said shield surface • which* in -the assembled 
position of said trocar ^as sembly ^and^. whem .said shield is in said 
extended position is located distally of said open distal end of 
tubular cannula and protrudes beyound the bounds of members of 
said trocar assembly immovable relative to said tubular cannula; 

- said shield has shield height, and as such serves the 
distance between said cutting plane and said shield enter 
surface; 

- said shield has shield width, and as such serves the 
distance between- said device longitudinal ax&s^and^saAd ^shield 
outer surface; 

- said shield has shield local compa^ative^hei^fet, and^as 
such servesv the -ratio of local maximal height —ofsrs a-id shieM to 
local maximal width of said shield measured in their common 
plane perpendicular to said device longitudinal axis; 
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said" shield proximal protected posit^^, and as such 

serves the extreme proximal position of said shield when there 
is the complete protection of said cutting edge; 

- there is a screen area of said shield, and as such serves 
the section of said shield which, when said shield is located in 
said proximal protected position, is situated between two planes 
perpendicular to said device longitudinal axis so that one of 
said planes intersects the proximal end of said cuttng edge, 
whereas the other said plane intersects distal end of said 
cutting edge, and the plane equidistant from both said 
perpendicular planes divides said screen area into proximal and 
distal screen zone. 

11. Device according to Claim 10, wherein said shield has 
shield zones located bilaterally of said cutting plane; 

- there is full local comparative height of said shield, and 
as such serves the ratio of total local maximal height of said 
shield and said local maximal width, so that total local maximal 
height of said shield is the distance between outer surfaces of 
said shield zones measured along the line perpendicular to said 
cutting plane. 

12. Device according to Claim 10, wherein there is a one- 
sided low profile shield situated laterally of said cutting 
plane, and said shield local comparative height along the 
proximal screen area is below 0.8. 

13. Device according to Claim 11, wherein there is a two- 
sided low profile shield, and said shield full comparative 
height along the proximal screen area is below 1.4. 

14. Device according to Claim 10, wherein said cutting means 
comprises penetrating apex cutting means situated inside of said 
penetrating apex shield. 
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„• ,„ claim 14, wherein^id penetrating 
X5 . Device accordxn, to Claxm^l -^^^ „ hereas said 

apex cutting means are , r . ns versal cross-section with 

penetrating apex has elongated «™«^ penetrating apex 
largest axis lying uniplanarly with 

cutting means . 

h i na to -Claim** 5 , wherein said C uMin t .means 

apex shield. 

17 . De vice according to Claim 13 ^J^^ST- 

— cuttin9 h P :rL:r rLr^u ^ ^ is made 

plate base passes through. 

18 . D ev*^a^di,ng. to -Claim *6 » he «^ situate 
v-lrt.fo» said outer, caH»ln*#W>* •«»«* a 

one •° u * r '- shiel * ,f0 " d Sa t etract ed^- . unprotected . -positron and 
between C »W = h reld retracted* DOsit ion,- and outer bias 

o»~r shields extended. - , p«,*«^ " PO*^* Mid . ex , ended 

w „i™ said : outer.v sh-ielpl-, towarti 
me ans -for bxasxng sh4eld .. ms „a*to«ai.d *«W*Pted ..posxtxon 

position, ^o*^*- d ~ r eoted force- applied, to body 
in response to a ^"^J^^ shie id, sa.id bias means 
tissue operated surface of sax extended 
returning said outer shxeld to ^ 
position when the force applred to saxd ^ 
Lthat said penetrating apex ca „ be in at least 

movable independently of one an ^ siInultaneous location in 
three extreme mutual ^J™^^ position, respectively; 
said extended and outer shield extende p ^ ^ exte nded 
location of. sa* . penetrating apox ^ cetr acted 

position, and said outer ^^^^^ outer- shield 
position; loca*Aon of both 
retracted. position, t-»H«.«*!C 

, 8 „herein said outer cutting 

means have at least 



mounted on' said j^etrating end between sai^enetrating apex 
shield and said outer shield so that the knife cutting edge 
protrudes above the surface of said sloping wall. 

20- Device according to Claim 18, wherein there are two 
outer cutting members . 

21. Device according to Claim 18, wherein there are three 
outer cutting members. 

22. Device according to Claim 18, wherein said outer shield 
surrounds said penetrating apex, penetrating apex shield, and 
outer cutting means . 

23. Device according to Claim 22, wherein said outer shield 
is made tubular, and said outer biasing means is made as a 
compression spring. 

24. Device according to Claims 13, 19, wherein said outer 
shield is made as two-sided low profile shield, and comprises 
plate-shaped shield members mounted bilaterally of said outer 
cutting means and rigidly interconnected. 

25. Device according to Claim 1, wherein: 

- said portal unit has a portal housing located on the 
proximal end of said tubular cannula; 

- inner seals located in said portal housing and aimed to 
maintain insufflation of the body cavity; 

- locking means which being in lock position, locks said 
protector means into protected position, and being in an unlock 
position unlocks said protector means so that said locking means 
unlocks said protector means when said cutting means is located 
distally of said seals. 

26. Device according to Claim 25, wherein said locking means 
has obturator-situated controlling member, partially protruding 
laterally of said obturator and adapted for the interaction with 
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inner surface aid tubular cannula moving abutting 

member, which is spring-loaded to said obturator and has abuttng 
surface for rigid abuttment of said protector means members, 
when said locking means is in said lock position. 

27. Device according to Claims 18, 26, wherein each of said 
independent shields has. independent said blocking means;. 

28- Device- according v 5 to Claims^24, 27, wherein ^sa^id 
penetrating apex shield and said outer shield have independent 
said locking means . 

29- Device according to Claim 18, 26, wherein there is said 
locking means for one of said shields, which in said protected 
position ensures protection of said penetrating apex and of all 
said cutting means . 

30. Device according, to Claims-23, 29, wherein there is said 
locking -means ^to said outer shield. 

31 . Device according to Claim 16 ,* whe-rein there -are -dilating 
means for dilating- said orifice in body-cavity wall,, formed by 
said penetrating - apex and cutting means to ^ the* dimensions 
permitting* entry v of saieL* tubular- cannula, therewith said 
dilating means comprises said sloping side wall and sloping edge 
of said open distal end of said tubular cannula so that said 
sloping edge of tubular cannula is located in the plane 
intersecting said device longitudinal central axis at an acute 
angle, whereas proximal end of said cutting edge of outer 
cutting means is situated proximally of distal point of said 
tubular cannula edge . 

32. Device- according to Claim !, wherein there**! s portal 
unit mounting means for mountings said porta L r uniit in said 
orifice pf body- cavity -wall .which has -inner- m©unfci*ng means vinade 
as inflated cuff mounted^on* ^said^tubu^L2>-can^u^a^^nd^here is 
connector means for said cuff connection to the external gas 
supply. 
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33. Device accflling to Claim 32, wherein re is an outer 
mounting means comprising restraining member movable along said, 
tubular cannula, and resistance means precluding spontaneous 
proximal displacement of said restraining member. 

34. Device according to Claim 33, wherein said restraining 
member has a flange and an orifice said tubular cannula passes 
through, and said resisting means is made as engagement means 
and has restraining member engagement protrusions situated on 
inner of said orifice, and tubular cannula engagement 
protrusions situated on outer surface of said tubular cannula. 

35. Device according to Claim 32, wherein said connection 
means comprises connector with rebound valve and a passage 
connecting said connector and said cuff and passing through the 
wall of said tubular cannula . 

36. Device according to Claim 32, wherein there is outer 
sealing means to maintain insufflation of the body cavity 
precluding gas leakage out of body cavity into the atmosphere 
through the spacing between said portal unit and walls of said 
orifice in body cavity wall, and said outer sealing means has 
seal member, and said inflated cuff serves as such. 

37. Device according to Claim 36, wherein there is cuff 
traction means ensuring retaining of said inflated cuff against 
inner surface of body cavity wall in its inflated state. 

38. Device according to Claim 34, 35, 37, wherein said outer 
mounting means serve as said retaining means. 

39. A safety trocar assembly comprising: 

- portal unit having elongated obturator with penetrating 

distal end; 

- longitudinal axis of trocar assembly; 

- penetrating means for orifice formation in body cavity 
wall, having at least two penetrating zones: first penetrating 
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z o„e and second ^"^Z v^o^ member <~ ° £ . 

- a protector «ns, havrng p ^ between . 

said penetrating » m " ^ when each said protector 

re tractedand an extended f " ^ M which is the section «f 
m ember has body tissue operated .urf ^ ^ ^ cavity 

o£ said proper J ng wiith WrW-*"-" » 

„all tissue and while ^""^ opfOSlte „i said extended 
Isplacemen* ot said P^^T ^Itiot so that- displacement 
posi tion toward betwe en ^J^T^ 

vectors of sard P planes parallel 

and extended positrons are 

longitudinal axis; pE0 tector members for *>iasrng 

. bias means for each of sard p ^ position and for 

said protector members move to said retracted 

permitting said protector ^ „ said tissue operated 

Position in response to a fore app ^ members to 

surface,, said bias... means retu ^ ^ to said trssue 

said exuded position when ^.. ocours , whsn -said .protector 

operated- surfa.ce^ is -^^f/on^ an^ther^tween their sard 

mrvu^ independently ^ ^ 

members move » f 



members m^v.^. — — - . 

^ ^rafltei positions 
extended and^reto^tea p 



„. . m o wher-eim »saAd„penetrat ing 
40. De^ceaccordin^o X a^ , penetra ^ zone is made 
m eans a, the level of a, leas, one s ^ 

as cutting -er with cutt^ edge ^ longitudinal axis, and 

situated m the P^ e ^ for said cutting edge, 
this plane is the cuttxng plane 

„• ,o Claim 40, wherein said bias means x» 
41. Device according to Claim 

xnade as resilient members . 

• ce according^ Claim^, whe*e*n P-tector- 
4 2 , Device ^ccoruxny 
me mbe,s «~ — « -parate shields, 

. r , ai _ 41, w he B ei.n; ; sa-»*...pr«teector 

43. Device according to Clarm , ^ ^ penet:r , tln , 

members are made as a common shre ^ -r . with 
zones , with penetrating means made 



common cutting ed$W so that each of said ting members is 
protected by corresponding regions of said common shield so that 
each of said common shield regions is by its own said bias 



means 



44. Device according to Claim 41, wherein there is at least 
one penetrating zone level limited by two planes perpendicular 
to said longitudinal axis, one of them intersecting the extreme 
distal point of said penetrating zone, whereas another one 
intersects the extreme proximal point of said penetrating zone. 

45. Device according to Claim 41, wherein there is a blunt 
penetrating apex, and said first and second penetrating zones 
are situated proximally of said blunt penetrating apex. 

46. Device according to Claim 43, wherein said common shield 
and said bias means are made as a single resilient part having a 
slot which in said extended position is basically situated 
parallel to said cutting edge, and resilient arcs, each of them 
being connected to said slot by one its end, whereas the other 
one is connected with the members of said penetrating end 
immovable relative to said cutting edge. 

47. Device according to Claim 43, wherein said common shield 
in said extended position extends beyond the bounds of said 
cutting edge no more than 2 mm in the direction parallel to said 
cutting plane of said cutting edge. 

48. Device according to Claim 44, wherein there are at least 
two said penetrating zone levels, one being distal and another 
one , proximal . 

49. Device according to Claim 44, wherein there are at least 
two said penetrating zones in said penetrating zone level . 



50. Device according to Claim 49, 42, 45, wherein there are 
two said cutting" members, whereas said protector members are 
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made as plates ffcuated parallel to the^fcrresponding said 
cutting members, and said bias means are made as compression 
springs and said blunt penetrating apex is in line with said 
longitudinal axis. 

51. Device according to Claim 48, wherein a section of said 
penetrating* means at- the- level- of, sa^dwpe^eifer.atd-ng^zone. and- 
corresponding to- it said protestor member^an* ,bias#means., are a 
penetration unit so that said distal, and proximal., penetration 
units are made so that the penetration into body tissue at the 
level of said proximal penetration unit occurs under higher 
tissue tension than the penetration of tissue at the level of 
said distal penetration unit. 

52. Device according to Claim 51, wherein rigidity of said 
proximal bias means of said proximal protector unit is higher 
than the rigidity of sa-id* distal bias means of said distal 
protector unit . 

53 .v Device according to .C^aims*^ ,>4^ 48^ wherein there is 
more than one - said common shield ,^and«the y< are 'situated around 
said longitudinal, axis >at* regular intteas-va^s. >f rom^ea'fflh other . 

54. Device according , to Claims*~52,, 53 , wheasein said distal 
penetrating unit has said cutting member, said protector member 
is made plate-shaped and situated parallel to said cutting 
member, and said bias means is made as a flat compression 
spring . 

55. Device according to Claim 39, wherein there is a portal 
unit with elongated tubular cannula, having an open distal end 
through-which saidapeneferating end -;of sa*d ob^at-or^is exposed. 

56 . Safety- trocar assembay f o^,raa^ii^ ■oEifctefi'-'in -body* cavity 
wall and-f or -portal unit mousing in-sa-M- or*Mite«, comprising: 
- central longitudinal axis; 
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ii-h distal penetrat^f end, having 
. elongated obturator wxth - proximally of said blunt 
lt apex and cutting means situated P 



blunt apex 
apex; 



57 . C evice .co*, to Claim ». wherein said 

haS! a base constituted by the section of said blunt apex 
" a baSe , . nt level of said cutting means; 

™. by «- — 

point on the * «» ~" " r4 "- 1 

. blunt apex central axis con intersectin g said blunt 

to said central longitudinal 

apex distal point; , base constituted by the 

. a diameter of said blunt apex base ^ ^ ^ ^ 

d iameter of a circum \ zotrudLng points on said 
apex and circumscribing the most p ^ .f said 

surface of said base blunt apex ^ ^ ^ 

- ^ — — to said cen " al 

axis blunt apex. 

rn Claim 57, wherein said obturator has 
58. Device according ~ "aim^S diameter o£ the largest 
a diameter constituted y _ ce „tral longitudinal axis 

circumference with the centers on s ^ longit udinal 

^aoein the planes "protruding points on the 

axis, and circumscribing the most ^ hal£ section of said 
sur4ac e of ^ — ^ of base blunt apex constitutes 
obturator so that sax 

le ss than 75% of said obturator dieter. 

<-o Claim 58, wherein said diameter of 

59. Device according to Claim 5 , ^ q£ said 
baS e blunt apex preferably constitutes 

obturator diameter. 

<-o Claim 57, wherein end of said blunt 

60. Device according to Claim :> / , 

apex is round.- ^ 



h eir^8^ e diameter oi 

61 . Device according « clai "^' .^dl—wr ot base blunt 
said blunt apex end is less 
apex . 

• s7 wherein said blunt apex 
62 . Device according to ; lingitu dinal axis . 

cental axis C o^d^^- centr 

63 Trocar assembly comprising:, 

- - - — 

angle; . „ nonaa ted obturator adapted to be 

. troca r unit hav.ng « l0n9 " e and ha ving a cutting 

removably inserted through sard cannu ^ ^ ^ 

„vina orifice m u^jr 
means for making sa id..cannula ; 

v. said opeiwdi»stafc end.ot sai ^ edge so that 

through- s a ia v least- one cutting v«"y 

_ said-cutting means has , at i ^ lotsa ted ^roximally of 

■p c; ,«ivd ^ cut^ingw edge** f » i£> 
proximal end of sa*d c said tu *> u 4a % cannula . 

distal poi^ of .said ..**>pt*» edge^of 

„ • to Cla*« -57 , wherem there is a cutting 
^ 1^ -ngitudinal cen W , ? 

* Q Claim 64, wherein said cutting plane 
^ nevice according to Claim 

Devi sloping edge, 

is the symmetry plane ot s 

_ rlaim 63 , wherein there are more 

66. Device according to Claim ' aiQ cutting planes . 
t han one said cutting edge having differ i g 

. m 66 «l*»**n^** of said 

67. Device acco*ding^o Clax ^ ^ shutting planes . 
sloping edges. .corresFPnds^o the- nu 

68. Trocar assembly ^f^^^ cann ula and portal unit 
. portal unit with elongated ^ ^ ^ of 

mounting means for mounting said p 



body cavity wall w^^h has inner mounting meai^^iade as inflated 
cuff mounted on said tubular cannula, and there is connector 
means for said cuff connection to the external gas supply. 



69. Device according to Claim 68, wherein there is an outer 
mounting means comprising restraining member movable along said 
tubular cannula, and resistance means precluding spontaneous 
proximal displacement of said restraining member. 

70. Device according to Claim 69, wherein said restraining 
member has a flange and an orifice said tubular cannula passes 
through, and said resisting means is made as engagement means 
and has restraining member engagement protrusions situated on 
inner of said orifice, and tubular cannula engagement 
protrusions situated on outer surface of said tubular cannula. 

71. Device according to Claim 68, wherein said connection 
means comprises connector with rebound valve and a passage 
connecting said connector and said cuff and passing through, the 
wall of said tubular cannula. 

72. Device according to Claim 68, wherein there is outer 
sealing means to maintain insufflation of the body cavity 
precluding gas leakage out of body cavity into the atmosphere 
through the spacing between said portal unit and walls of said 
orifice in body cavity wall, and said outer sealing means has 
seal member, and said inflated cuff serves as such. 

73. Device according to Claim 72, wherein there is cuff 
traction means ensuring retaining of said inflated cuff against 
inner surface of body cavity wall in its inflated state. 

74. Device according to Claim 70, 71, 73, wherein said outer 
mounting means serve as said retaining means. 



75. A safety trocar assembly comprising : 
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- portal uni ith elongated, tubular c^ila having an open 
distal end; 

- said portal unit has a portal housing located on the 
proximal end of said tubular cannula; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
end .exposed through, said open* distal end* vof- said .cannula** and a 
cutting means for making orif ice in -body ^cavity e*wad*L , situated 
on said penetrating end-; 

- a protector means situated on said obturator and adapted 
to actuate between a retracted and an extended protected 
position; 

- bias means for biasing said protector means toward said 
extended position and for permitting said protector means move 
to said retracted position in response to a proximally directed 
force applied to said protector means, returning said shield to 
said extended position when the force applied to said protector 
means is removed; 

- inner seals .^located in ,said^po»&tal%housi^ 
maintain insufflation of^the body cav^i-ty,; 

protector means,, into protected ^position, and— being ^in an*, unlock 
position ^unlocks ^said .pr^t'eotor- -mea^s* so ^th^t^sa^itd^ldoking means 
unlocks said - protector^ means when said cutting means is located 
distaLly of said seaJb.s . 

76. Device according to Claim 75 , wherein said locking means 
has obturator-situated controlling member, partially protruding 
laterally of said obturator and adapted for the interation with 
inner surface of said tubular cannula for moving abutting 
member, which is spring-loaded to said obturator and has abuttng 
surface for rigid abuttment of said protector means members, 
when said locking-*means is -in said loc^posis^onr 

7 7 . Device according to- Claim.^7 6 , wherein.. sa>id^cu*tting<< means 
is mad r e*>- as*-* kn»ivesf said pro te'<s4?oa^me tubular 
member, and said bias means is made as a spring. 
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78. Safety trocar assembly comprising trocar unit having: 

- elongated obturator; 

- penetrating means situated on distal end of said obturator 
and having at least one penetrating zone; 

- a protector means situated on said obturator and 
comprising shield for said penetrating zone and adapted to 
actuate between a retracted and an extended position; 

- bias means for biasing said shield toward said extended 
position, and for permitting said shield move to said retracted 
position; 

- longitudinal central axis of said obturator; 

- displacement vector of said shield between their said 
extended and retracted positions is in the plane parallel to 
said longitudinal axis; 

- said shield is made as one-sided low profile shield, and 
situated on one side of cutting plane of said penetrating zone, 
and along the proximal screen area has the shield local 
comparative height less than 0.8. 

79. Device according to Claim 78, wherein there is a portal 
unit with elongated tubular cannula, having an open distal end 
through which said penetrating means and said shield are exposed 
so that said shield has shield open part and as such serves the 
section of said shield which by said shield location in said 
retracted position is situated between two planes perpendicular 
to said longitudinal central axis so that one of them intersects 
the distal point of said shield, and the other said plane 
intersects the proximal point of the section of inner surface of 
said shield protruding beyond the bounds of the members of said 
trocar assembly immovable with regard to said penetrating means 
and located distally of said open distal end of tubular cannula. 

80. Device according to Claim 79, wherein said shield open 
part situated proximally of said screen area has the shield 
local comparative height less than 0.8. 
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81. Device according to Claim 79, wherein inner diameter of 
said tubular cannula at the level of said open distal end is 
within 10 mm to 12.5 mm range so that said maximal height of 
said 

shield along the entire said shield open part is less than 3.5 
mm. 

82. Device according to Claim -7 9, wherein— inner*diameter :of 
said tubular cannula at the level of said open distal end is 
within 5 mm to 6.5 mm range so that said maximal height of said 
shield along the entire said shield open part is less than 2 mm. 

83. Device according to Claim 78, wherein said penetrating 
zone has cutting edge situated in the plane parallel to said 
longitudinal central axis, and said cutting edge has inner end 
point and outer end point so that said inner end point is 
situated closer to said- longitudinal, central axis than said 
outer end .point. 

84. Device .according to Cl^aim .83;, wherein- said, shield, is 
direct shield, .., and by. .displacement from said -extended^ position 
to said retrae-ted oney it gradually expases^saddvscutting edge 
from said inner- end point to said outer, end- point. 

85. Device according to Claim 83, wherein said shield is 
delineating shield in which tissue operated edge is made 
approximately congruent to said cutting edge and exposes said 
cutting edge approximately concurrently along the entire length. 

86. Device according to Claim 83, wherein said shield is 
inverted shield. atfd / by** its - displacement f rom «said*'ex«feended to 
said retracted - position - it gradually expos es*~sa.id ^cutting edge 
from said outer™ end *point to said inneiEV end«"?point..* 

87. Device according to Claim 83, wherein there is more than 
one said penetrating zone and there is an inverted multishield 
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displacement from extended to retracted position expose said 



made in the same plane with longitudinal central axis, said 
shield is made plate-shaped, and bias means is made as a flat 
compression means. 

89. Device according to Claim 80, 86, wherein there is a 
blunt apex, two said cutting edges situated on the common base 
set in a longitudinal groove of said distal end of said 
obturator so that said cutting edges are situated from two 
opposite sides of said obturator distal end at an acute angle to 
said longitudinal central axis, whereas said shield is made 
plate- shaped and has two said tissue operated edges, one for 
each said cutting edge so that said tissue operated edges are 
made tilted with regard to said longitudinal axis so that their 
tilt angle is less than said tilt angle of cutting edges, and 
said bias means is made as a compression spring, and there is a 
lock means for blocking said shield in said extended position . 

90. Device according to Claim 89, 80, wherein said cutting 
edge is situated at an acute angle to said longitudinal central 

•axis, and said tissue operated edge of said shield is made 
stepwise, and bias means is made as a compression spring, 

91. A safety trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongated, tubular cannula having an open 
distal end; 

- trocar unit having elongated obturator adapted to be 
removably inserted through said cannula and having a penetrating 
end exposed through said cannula open distal end; 

- penetrating" means situated on said penetrating end; 



penetrating zones from proximal to distal one. 



88. Device according to Claim 80, 84, wherein said 
penetrating means is made as a knife, where said cutting edge is 
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- a protectoljians for said penetratin^^ans having at 
least one shield situated on said obturator and adapted to 
actuate between a retracted and an extended position when said 
shield protects said penetrating means; 

- shield open part, this being the part of said shield which 
when said protector means is in said retracted position, is 
situated^distally of the plane perpendicular to said 
longitudinal central axis and intersecting .the proximal point of 
the section of outer surface of said shield protruding beyond 
the bounds of the members of said trocar assembly immovable with 
regard to said penetrating means and located distally of said 
cannula open distal end; 

- common projection of outer surfaces of the members of said 
trocar assembly situated distally of said cannula open distal 
end onto the plane perpendicular to said longitudinal central 
axis, having the center in the intersect point of said plane and 
said longitudinal central axis; 

- projection width of said shield and*, as such* serves the 
distance between, said said common projection center and its most 
remote point on said shield -pro jection ^outline*; 

_ relative .projection area of said shield outer outline 
which is the ; ratio-; of said* projection ? area ;of shield outer 
outline to the - . area-* o§ the < circle with rad^us^eq^al- to said 
pro jection^ widths of*, said s hd?al *s o* *t ha*tb said reiat-ive- projection 
area of said shield outer outline is always less than 0.4. 

92. Device according to Claim 91, wherein said relative 
projection area of shield outer outline is less than 0.2. 

93. A safety trocar assembly comprising: 

- trocar unit with penetrating means having at least two 
penetrating* zones - distal and proximal - so** thals*fe penetration of 
body tissue at the level of sa-id proximal penetration one 
occurs under higher tissue tensionf*than p^efeafeLon^of ^tissue -at 
the levels ofe-said. dist-ai penaifeEaMon^one^ 
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94. Device according to Claim 93 , wherein said penetrating 
means at the level of said distal and proximal zones are made as 
cutting members so that said distal cutting member is made 
sharper than said proximal cutting member . 

95. Device according to Claim 93, wherein there is a 
protector member for each of said penetrating zones so that the 
displacement of said proximal protector member from the extended 
to the retracted position demands greater effort that the 
displacement of said distal protector member. 
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SAFETY TROCAR ASSEMBLY 

Field of the Invention 

The present invention relates to medical equipment, in particular to trocar and similar 
devices used in surgical procedures and intended for their improvement. 

Background of the Prior Art 

Trocars are used in medicine for making openings in body cavity walls used further as 
ports for instrument insertion to body cavity and diagnosis and treatment. When trocar is 
inserted to body cavity, there is a real danger of interior organ injury by piercing-cutting 
means entering the body cavity and located at the trocar distal end. 

To prevent such a complication, the trocars are equipped with various protectors of , 
piercing-cutting means. However, all known solutions do not eliminate totally the acuity of 
the problem of accidental puncture wounds of internal organs upon trocar performance. 

The safety trocar penetrating instrument is known from the US patent No. 5591 190, 
comprising port unit and trocar unit with obturator on whose distal end there is a 
piercing-cutting means. The device is equipped with protector for piercing-cutting 
means made as a tubular shield situated between obturator and tubular cannula of port unit 
and movable relative to obturator within the range from the extended position when it 
encloses piercing-cutting means and prevents it from any contact, to the retracted one, when 
piercing-cutting means is open and can opening in the body cavity wall. Such a protector 
advances to the extended position when the force applied to its distal edge on the side of 
body cavity wall is removed, which occurs after complete exit of the exposed piercing- 
cutting means to body cavity, i.e. after internal organs could have already been injured. 



Another trocar and cannula assembly are known from the USA patent No. 5246425, 
which are equipped with tip protector comprising a plurality of projections which, by the 
authors' idea should be actuated into an extended position before the piercing apex has been 
fully inserted to body cavity. However, design predetermines injury of body cavity wall, 
increased^resistance to the*device advance, the device advamee^in jerks,* highiprobability of 
protector jamming, i.e. protector does not advance to the extended position*upon tip exit into 
body cavity, and as a consequence, internal organs are injured. Such drawbacks are the result 
of the fact that several piercing members are present, that is the tip and the protectors 
themselves. When these members pass through fibrous anatomical structures: aponeuroses, 
fascias, muscles, the structure fibers enter either the projections, or between the projections 
and tip; therefore, further device advance is possible solely by rupturing these fibers which, 
in its turn, results in increased tissue injury and in the device hindered advance. 

The tissue fibers incorporated between projections and tip can jam protector in the 
retracted position. In this case the jeopardy of internal , body injury is even higher-than by the 
performance of a trocar non-equipped with protector, since a surgeon, being sure of the 
device safety, operates* with -less caution. 

In addition to the protection of patient's organs, the protector is intended, for guarding 
medical personnel from accidental puncture injuries- For this~aim the*protector is 
equipped with locking mechanisms which fix it in the extended 1 position. Such locking 
mechanism is described in the-USA Patent No. 5246425. locking means ensures protector 
fixing in the extended position for any trocar unit position relative to port unit, including the 
completely assembled one. There are the means for the protector manual de-blocking which 
preclude the lock mechanism automatic operation. With such a design it is upon the surgeon 
to decide when lock mechanism should be activated. 

Hence, if the surgeon forgets to do it, trocar unit is removed of port unit with inactivated 
lock mechanism and it is dangerous because medical personnel, being sure of its complete 
safety, handles the trocar more carelessly . If, by trocar unit setting4nto^port unit, the Jocking 
mechanism is inactivated^ the -port unit sealing means shift it to the -retracted' position 
by interacting with proteetor. Thus, piercing^cutting members pass unproteeted4hrough the 
sealing means area, and can bring to the trocar unit jamming in port unit, or damage sealing 
means, which results in violation of its de-sealing properties. 

Hence, lack of automatically supported link between the device readiness to tissue 
piercing and locking mechanism condition distract the surgeon to the locking mechanism 
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control, which is inconvenient and unreliable. 

A trocar with shield is known from the US patent No. 5797943. The geometry of the 
described in the patent shield should, by the authors' opinion, ensure successive protection of 
various zones in piercing-cutting means practically simultaneously with their penetration to 
the body cavity. 

However, shield members have such sizes, shape, arrangement and contact zone with body 
cavity wall that they generate considerable resistance between the shield and the body cavity 
wall tissues, and it holds the shield in totally retracted position, up to the shield complete 
removal beyond the bounds of body cavity wall, which means that no successive protection 
of piercing-cutting members takes place as they enter the body cavity. 

Similar demerit is found in USA patents No. 5690663, 5709671 . A trocar, having 
improved tip configuration is known from the US patent No. 5709671, where distal edge of 
tubular cannula is made sloping, to facilitate the device passing through body cavity wall. In 
fact, the surgeon has less difficulties in trocar passing through tissues since sloping edge of 
cannula operates as a wedge giving the benefit of force, which facilitates tissue rupture by 
trocar passing. But tissue injury during the trocar performance remains considerable. 

All above described devices lack the means for sealing spacing between cannula and body 
cavity wall; they also do not have means for hemostasis out of the orifice edges into body 
cavity wall. These devices do not have reliable means precluding displacement and complete 
port drop out of body cavity wall. 

The US No. 555641 1 is known comprising cannula-retaining means made as a movable 
along the cannula member with sticky surface flanges, which sticks to a patient's skin and 
ensures cannula fixation. 

However, this fixation is insufficiently reliable and does not ensure body cavity sealing. 

Summary of the Invention 

The invention objective is decrease of internal organ injury risk upon trocar performance. 

Another invention objective is increased reliability of protector operation by preventing 
jamming and engagement of body cavity wall tissues between the members of trocar distal 
edge. 

Another invention objective is decreased tissue injury of body cavity wall. 
Another invention objective is facilitated trocar passing through body cavity wall. 
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Another invention objective is decreased material consumption for the device, design 
simplification and device low-cost manufacturing. 

Another invention objective is trocar performance easiness. 

Another- invention objective is increased ^safety of medical persomn&kby -trocar operation. 
Another invention objective is independent of each other .operation^starUand finish of 
cutting , members dependable on tissue local biomeeharai&al properties. 

Another invention objective is accurate adaptation of orifice sizes in body cavity wall to 
. the cannula diameter. 

Another invention objective is improved body cavity sealing and precluded gas discharge 
through the spacing between cannula and orifice edges in body cavity wall. 

Another invention objective is ensured hemostasis on the edges of trocar-generated 
orifice. 

Another invention objective is improved fixation of portal unit in the orifice in body 
cavity walk 

The specified objectives are achieved by^a safetytroear assembly-comprising:^ 

- portal unit with elongatedv tubular cannula. havang^an^pM^distakend^; 

- trocar unitjiaving elongated obturator adapted^to be^removahly inserted^through cannula 
and having a penetrating*end exposed through*opem*distal end of cannula^and comprising a 
penetrating apex mechanical cutting*means for making orifice in body, cavity wall, and-a 
sloping side wall; 

- a protector means situated on obturator and comprising penetrating apex shield adapted 
to actuate between a retracted and an extended position, when shield surrounds penetrating 
apex and sloping side wall surrounds shield from the outside; 

- distal edge of shield forms a hedge precluding the introduction and engagement of tissue 
fibers of body cavity wall both between shield and penetrating apex, and between shield 
segments; 

- bias means for biasing shield toward extended position and foBpemriitting-shield move 
to retracted position in response to a proximally directed force ^applied to shfeld distal-edge, 
bias means, returning shield to extended position when the force applied to shield distal 
edge is removed, which occurs when penetrating apex and shield distal edge have entered a 
patient's body cavity, however, before penetrating end has been fully inserted. 

Penetrating apex shield destined only for the protection of penetrating end distal section 



ensures the penetrating apex protection by its minimal penetration into body cavity which 
dramatically decreases the possibility of inner organ injury. The embodiment of penetrating 
apex shield as a penetrating-apex-surrounding hedge facilitates trocar assembly passing 
through body cavity wall due to the complete preclusion of tissue introduction between the 
shield members as well as between shield and penetrating apex members, which also 
decreases tissue injury. 

A device, wherein bias means has means made as spring mounted between shield and 
parts of trocar unit and spring is situated in obturator, preferentially in its distal part. 

These embodiments of bias means differ in their simplicity and performance reliability. 

A device, wherein shield is tubular. 

A device, wherein shield is made as coiled springy rod. 

A device, wherein shield is made integral with spring. 

Penetrating apex shield in these embodiments totally surrounds the penetrating apex, thus 
ensuring reliable performance, and their manufacturing is low-cost. 

In device, wherein penetrating apex is made as a separate part mounted into obturator, and 
in this embodiment penetrating apex possesses improved penetrating properties. 

In device, wherein penetrating apex is made integral with at least distal part of obturator, it 
is maximally simple and low-priced in manufacturing. 

In device, which has longitudinal central axis and obturator and tubular cannula are 
situated coaxially with it and wherein: 

- the displacement vector of protector means between its extended and retracted position is 
in the plane parallel to longitudinal axis of trocar assembly; 

- cutting means comprises at least one cutting edge situated in the plane parallel* to central 
longitudinal axis of the device so that this plane is the cutting plane of cutting edge; 

- protector means has a shield for protecting cutting edge; 

- shield has shield outer surface, and as such serves that section of shield surface which in 
the assembled position of trocar assembly and when shield is in extended position is located 
distally of open distal end of tubular cannula and protrudes beyond the bounds of members 
of trocar assembly immovable relative to tubular cannula; 

- shield has shield height, and as such serves the distance between cutting plane and 
shield enter surface; 

- shield has shield width, and as such serves the distance between device longitudinal 
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- axis and shield outer surface; 

- shield has shield local comparative height, and as such serves the ratio of local maximal 
height of shield to local maximal width of shield measured in their common plane 
perpendi c-u 1 ar~to device longitudinal axis; 

- shield has proximal protected position, and^as such serves the'extreme*prox*imal position 
of shield when there is the complete^protection-of cutting edge; 

- there is a screen area of shield, and as such serves the section of shield which, when 
shield is located in proximal protected position, is situated between two planes perpendicular 
to device longitudinal axis so that one of planes intersects the proximal end of cutting edge, 
whereas the other plane intersects distal end of cutting edge, and the plane equidistant from 
both perpendicular planes divides screen area into proximal and distal screen zone; 

wherein shield has shield zones located bilaterally of cutting plane; 

- there is full local comparative height of shield, and as such serves the ratio of total local 
maximal height of shield and local maximal . width, so that total local maximal height of 
shield is the" distanee, between outer surfaces of shield zones.measured* along -the line 
perpendicular .to e-utting^glane^ 

wherein there is a one-sided low-profile shfeld situated laterally of cutting plane, and 
shield locakeomparative height along the ,proximaluscreen*area4^ below 0.8; 

wherein there is a two-sided low profile-shieldr and shield full comparative height along 
the proximal screen area is below 1.4. 

The protectors in these embodiments are low profile protectors and have upgraded 
protection properties. Owing to small area of tissue operated surface such protectors can 
operate with minimal penetrating means penetration to body cavity. 

Device, wherein cutting means comprises penetrating apex cutting means situated inside 
of penetrating apex shield. 

Device, wherein penetrating'-ape-xxutting means are situated-uniplanarJy, whereas*- 
penetrating apex has elongated trans versalAeross-seGtdon with largesfraxis lying uniplanarly 
with penetrating apex cutting means > 

Device, wherein penetrating apex cutting means and outer cutting means are made integral 
on the plate-shaped base, and penetrating apex shield is made as two-sided low profile 
shield, and has longitudinal slot, plate base passes through. 

The penetrating apex embodiment in plate shape permits to use low profile protector 
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which surrounds penetrating apex. 

Device, wherein cutting means has outer cutting means situated outside of penetrating 
apex shield. 

Device, wherein there is at least one outer shield for outer cutting means adapted to. 
actuate between outer shield retracted - unprotected - position and outer shield extended 
-protected - position, and outer bias means for biasing outer shield toward extended position, 
permitting shield move to retracted position in response to a proximally directed force 
applied to body tissue operated surface of outer shield, bias means returning outer shield to 
outer shield extended position when the force applied to outer shield is removed so that 
penetrating apex shield and outer shield are movable independently of one another and can 
be in at least three extreme mutual positions: their simultaneous location in extended and 
outer shield extended position, respectively; 

location of penetrating apex shield in extended position, and outer shield in outer shield 
retracted position; location of both in retracted and outer shield retracted position, 
respectively. 

Device, wherein outer cutting means have at least one outer cutting member made as a 
knife mounted on penetrating end between penetrating apex shield and outer shield so that 
the knife cutting edge protrudes above the surface of sloping wall. 

Device, wherein there are two outer cutting members. 

Device, wherein there are three outer cutting members. 

Device, wherein outer shield surrounds penetrating apex, penetrating apex shield, and 
outer cutting means. 

Device, wherein outer shield is made tubular, and outer biasing means is made as a 
compression spring. 

When cutting means are situated outside of penetrating apex shield there is an outer shield 
for protection of outer cutting means. Making outer shield tubular is a simple and reliable 
solution. 

Device, wherein outer shield is made as two-sided low profile shield, and comprises two 
rigidly interconnected plate-shaped shield members mounted bilaterally of outer cutting 
means. 

Outer shield made as low profile protector has upgraded protection properties. 
A safety trocar assembly comprising: 
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- portal unit having elongated obturator with penetrating distal end; 

- longitudinal axis of trocar assembly; 

- penetrating means for orifice formation in body cavity wall, having at least two 
penetrating:-zones:^ first penetrating*zone and second-penetrating *zoney 

- a protector means, having protector member for eaeh of penetrating, &pnes-and 
adapted to actuate between a retracted and an extended position, when eaefr protector 
member has body tissue operated surface which is the section of protector member surface 
which contacts with body cavity wall tissue and while interacting with body tissue results in 
displacement of protector member opposite of extended position toward retracted position 
so that displacement vectors of protector members between their retracted and extended 
positions are in the planes parallel to longitudinal axis; 

- bias means for each of protector members for biasing protector members toward 
extended position and for permitting protector members move to retracted position in 
response to a force applied* to ■tissue-*operated surface, bias means^retuming* protector 
members to extended position when*the force applied to tissue operated surfaceus removed 
so that protector members move independently .'©fone.an&t'he*^ extended and 

retracted positions. 

Presence of independent protectormembers^for each penetrating % zone*g%es trocar - 
assembly improved^proteetdon^propeifaes. 

In this embodiment each protector member guards corresponding penetrating zone upon 
its minimal protrusion to the body cavity; it also ensures that only that penetrating zone 
at which level penetrating end is exposed to the increased resistance of body cavity wall 
tissue, will operate. 

Device, wherein penetrating means at the level of at least one penetrating zone is made 
as cutting member with cutting edge so that cutting edge is situated in the plane 
parallel to longitudinal^axis, and this plane is the cutting^pJane*for^cutting^dge; • 

Device,- wherein bias means is made as resilient members 

This is an example of a simple and operatiomreliable embodimenfei©;fipen^ating means 
and bias means. 

Device, wherein protector members are made as separate shields. 

Device, wherein protector members are made as a common shield for at least two 



penetrating zones, a penetrating means made as cutting members with common cutting edge 
so that each of cutting members is protected by corresponding regions of common shield so 
that each of common shield regions is by its own bias means. 

Device, wherein common shield and bias means are made as a single resilient part 
having a slat which in extended position is basically situated parallel to cutting 
edge, and resilient arcs, each of them being connected to slat by one its end, whereas the 
other one is connected with the members of penetrating end immovable relative to 
cutting edge. 

Device, wherein common shield in extended position extends beyond the bounds of 
cutting edge no more than 2 mm in the direction parallel to cutting plane of 
cutting edge. 

Such common shield is actually a floating shield where the displacement direction of 
protector members optimally corresponds to the direction of tissue impact on tissue operated 
edge which ensures adequate shield response to the changes in tissue biomechanical 
characteristics varying from layer to layer. 

Device, wherein there is at least one penetrating zone level limited by two planes 
perpendicular to longitudinal axis, one of them intersecting the extreme distal point of 
penetrating zone, whereas another one intersects the extreme proximal point of penetrating 
zone. 

Device, wherein there are at least two penetrating zone levels, one being distal and 
another one, proximal. 

Device, wherein a section of penetrating means at the level of penetrating zone and 
corresponding to it protector member and bias means are a penetration unit so that 
distal and proximal penetration units are made so that the penetration into body tissue at the 
level of proximal penetration unit occurs under higher tissue tension than the 
penetration of tissue at the level of distal penetration unit. 

Device, wherein rigidity of proximal bias means of proximal protector unit is higher than 
the rigidity of distal bias means of distal protector unit. 

A safety trocar assembly comprising: 

- trocar unit with penetrating means having at least two penetrating zones - distal and 
proximal - so that penetration of body tissue at the level of proximal penetration zone 
occurs under higher tissue tension than penetration of tissue at the level of distal penetration 
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zone. 

Device, wherein penetrating means at the level of distal and proximal zones are made as 
cutting members so that distal cutting member is made sharper than proximal cutting 
member?*; 

Device, wherein there is a protector member*foneach;iof penetrating*zones so that the* 
displacement of proximal-protector member from the^extended to therretraeted position 
demands greater effort that the displacement of distal protector member. 

Tissue cutting at the level of proximal penetrating zone by its higher tension than at the 
level of distal penetrating zone precludes formation of extremely large orifice in body cavity 
wall which improves port unit stability in the orifice, promotes hemostasis due to a good 
pressure of orifice edges to the cannula, precludes gas discharge out of body cavity; in post- 
operation it fastens tissue healing at the orifice level. 

Device, AvhereiWfoere is more than one common shield, and they .are «situated^around 
longitudimal*axis at ^egularjnteisvals from each other. 

Device, wherein distal-penetrating unit has cutting' member?* protector*membfer, is made 
plate-shaped^and situated *paraUeHo cuttMg^mem^ is mad£ as a, flat* 

compression springy 

Device, wherein *here<ns a blunt penetrating ape^and^first and*second*penetrating zones 
are situated -proxdmallyJ^ 

Device, wherein there are two cutting members, whereas protector members are made as 
plates situated parallel to the corresponding cutting members, and bias means are made as 
compression springs and blunt penetrating apex is in line with longitudinal axis. 

Safety trocar assembly for making orifice in body cavity wall and for portal unit mounting 
in orifice, comprising: 

- central longitudinal axis; 

- elongated obturator with distakpenetrating end? having-bl unt >apex- and^cuttimg means 
situated proximally of blunt apex*?* 

Presence of blunfrapex^ actually, totally precludes4nnefr-®rgan^ * 
apex distal end, i.e. the most commonly occurring complication type by trocar operation. 

Device, wherein blunt apex has: 
a base constituted by the section of blunt apex situated at distal point level of cutting 
means; 
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- a blunt apex distal point formed by the extreme distal point on the surface of blunt apex; 

- blunt apex central axis constituted by the axis parallel to central longitudinal axis and 
intersecting blunt apex distal point; 

- a diameter of blunt apex base constituted by the diameter of a circumference made at the 
level of base blunt apex and circumscribing the most protruding points on 

surface of base blunt apex so that the center of circumference is located on central axis 
blunt apex, and circumference is in the plane perpendicular to central 
axis blunt apex. 

Device, wherein obturator has a diameter constituted by the diameter of the largest 
circumference with the centers on central longitudinal axis made in the planes perpendicular 
to central longitudinal axis, and circumscribing the most protruding points on the surface of 
obturator at the distal half section of obturator so that diameter of base blunt apex 
constitutes less than 75% of obturator diameter. 

Device, wherein diameter of base blunt apex preferably constitutes less than 30% of 
obturator diameter. 

Device, wherein end of blunt apex is round: 

Device, wherein the diameter of blunt apex end is less than diameter of base blunt apex. 
Said proportions and sizes give trocar upgraded penetrating properties without decrease in 
safety. 

Trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongated tubular cannula, having an open distal end having at least one 
sloping edge situated in the plane intersecting longitudinal central axis at an acute 

angle; 

- trocar unit having elongated obturator adapted to be removably inserted through cannula 
and having a cutting means for making orifice in body cavity wall, and exposed 

through open distal end of cannula; 

- cutting means has at least one cutting edge so that proximal end of cutting edge is 
located proximally of distal point of sloping edge of tubular cannula. 

This device embodiment facilitates its passing through tissues, owing to the formation of 
orifice conforming to the cannula sizes. 

Device, wherein there is a cutting plane of cutting edge constituted by the plane 
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intersecting cutting edge and longitudinal central axis. 

Device, wherein cutting plane is the symmetry plane of sloping edge. 

Device, wherein there are more than one cutting edge having differing cutting planes. 

Device wherein the number of sloping edgesvcorrespondsito the»umber*©f cuttings 

planes. 

Trocar assembly comprising: 

- portal unit with elongated tubular cannula and portal unit mounting means for mounting 
portal unit in orifice of body cavity wall which has inner mounting means made as inflated 
cuff mounted on tubular cannula, and there is connector means for cuff connection to the 
external gas supply. 

The inflated cuff is a simple, low-cost and reliable means for the solution of the problem 
of port unit extreme mobility in body cavity wall. 

Device, wherein there is an outer mounting me^ans comprising restraining member 
movable alongutubular cannula^ and resistance means- precluding-spontaneous proximal 
displacement of restraining member. 

Device, wherein restraining member has *a flange»and»an orifice- tubular pannula passes 
through, and^resisting^means is made, as engagement means, and has^estraining member 
engagement protrusions situated on inner of orifice, and ^tubularxannul^-engagement 
protrusions situated-on outer surface -of tubular cannula. 

Device, wherein connection means comprises connector with rebound valve and a 
passage connecting connector and cuff and passing through the wall of tubular cannula. 

Device, wherein there is outer sealing means to maintain insufflation of the body cavity 
precluding gas leakage out of body cavity into the atmosphere through the spacing between 
portal unit and walls of orifice in body cavity wall, and outer sealing means has seal 
member, and inflated cuff serves as such. 

Device, wherein there is cuff traction means ensuring retaining of inflafed- cuff against 
inner surface of body cav.ity wall-in its inflated state* 

Devicef wherein outer^mounting meansnserve as ©ufttraotion means*.. : , 

The above mentioned embodiments provide the device both with improved stability 
within the orifice in body cavity wall and with additional sealing and hemostatic properties. 

A safety trocar assembly comprising: 

- portal unit with elongated, tubular cannula having an open distal end; 
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- portal unit has a portal housing located on the proximal end of tubular cannula; 

- trocar unit having elongated obturator adapted to be removably inserted through cannula 
and having a penetrating end exposed through open distal end of cannula, and a cutting 
means for making orifice in body cavity wall, situated oh penetrating end; 

- a protector means situated on obturator and adapted to actuate between a retracted and 
an extended protected position; 

- bias means for biasing protector means toward extended position and for permitting 
protector means move to retracted position in response to a prdximally directed force applied 
to protector means, returning shield to extended position when the force applied to 
protector means is removed; 

- inner seals located in portal housing and aimed to maintain insufflation of the body . 

cavity; 

- locking means which being in lock position locks protector means into protected 
position, and being in an unlock position unlocks protector means so that locking means 
unlocks protector means when cutting means is located distally of seals. 

The specified principle of lock means operation provides total safety from trocar 
accidental pricks, and completely precludes potential damage of seals by penetrating means. 

Device, wherein locking means has obturator-situated controlling member, partially 
protruding laterally of obturator and adapted for the interaction with inner surface of 
tubular cannula for moving abutting member, which is spring-loaded to obturator and has 
abutting surface for rigid abuttment of protector means members, when locking means is in 
lock position. 

Device, wherein cutting means is made as knives, protector means is made as a tubular 
member, and bias means is made as a spring. 

Device, wherein each of independent shields has independent locking means. 

Device, wherein penetrating apex shield and outer shield have independent locking 
means. 

Device, wherein there is locking means for one of shields, which in protected position 
ensures protection of penetrating apex and of all cutting means. 
Device, wherein there is locking means to outer shield. 

Specified lock means embodiments differ favorably by the design simplicity, performance 
reliability, and are applicable for various protectors. 
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Safety trocar assembly comprising trocar unit, having: 

- elongated obturator; 

- penetrating means situated on distal end of obturator and having at least one penetrating 
zone; 

- a protector means situated on obturator and comprising shieW for penetrating zone and 
adapted to actuate between a retracted and an extended. position; 

-bias means for biasing shield toward extended position, and for permitting shield move 

to retracted position; 

- longitudinal central axis of obturator; 

- displacement vector of shield between their extended and retracted positions is in the 
plane parallel to longitudinal axis; 

- shield is made as one-sided low profile shield, and situated on one side of cutting plane 
of penetrating zone, and along the proximal screen area has the shield local 
comparative height less than 0.8. 

A safety trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongate-tubular cannula having*an open distal end; 

- trocar unit having elongated obturator adapted to be- removably, inserted through cannula 
and having a pene*ratLng>end*exposed**hrough: cannula open*distal end*,:. 

- penetrating means situated on penetrating end; 

- a protector means for penetrating means having at least one shield situated on 

obturator and adapted to actuate between a retracted and an extended position when 
shield protects penetrating means; 

- shield open part, this being the part of shield which when protector means is in 
retracted position, is situated distally of the plane perpendicular to longitudinal central axis 
and intersecting the proximabpoint of the-section of outes surfaee of shield*protrud.ing 
beyond the bounds of the members of trocar assembly immo vable with regard to 
penetrating means and located distally of cannula- ©pen»distafcend^ 

- common projection of outer surfaces of the members of trocar assembly situated distally 
of cannula open distal end onto the plane perpendicular to longitudinal central axis, having 
the center in the intersect point of plane and longitudinal central axis; 

- projection width of shield and as such serves the distance between common projection 
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- center and its most remote point on shield projection outline; 

- relative projection area of shield outer outline which is the ratio of projection area of 
shield outer outline to the area of the circle with radius equal to projection width 

of shield so that relative projection area of shield outer outline is always less than 0.4. 

Device, wherein relative projection area of shield outer outline is less than 0.2. 

The major property of low-profile protectors is absence of delay in operation. Such 
protectors have small area of tissue operated surface situated in direct vicinity of the cutting 
plane, and therefore, by tissue cutting are displaced to the extended position without any 
significant resistance. 

Device, wherein there is a portal unit with elongated tubular cannula, having an open 
distal end through which penetrating means and shield are exposed so that 
shield has.shield open part and as such serves the section of shield which by shield location 
in retracted position is situated between two planes perpendicular to 
longitudinal central axis so that one of them intersects the distal point of shield, and the 
other plane intersects the proximal point of the section of inner surface of shield protruding 
beyond the bounds of the members of trocar assembly immovable with regard to 
penetrating means and located distally of open distal end of tubular cannula. 

Device, wherein shield open part situated proximally of screen area has the shield local 
comparative height less than 0.8. 

Device, wherein inner diameter of tubular cannula at the level of open distal end is 
within 10 mm to 12.5 mm range so that maximal height of shield along the 
entire shield open part is less than 3.5 mm. 

Device, wherein inner diameter of tubular cannula at the level of open distal end is 
within 5 mm to 6.5 mm range so that maximal height of shield along the entire shield open 
part is less than 2 mm. 

Preferable sizes and proportions of low profile protectors are given. 

Device, wherein penetrating zone has cutting edge situated in the plane parallel to 
longitudinal central axis, and cutting edge has inner end point and outer end point so that 
inner end point is situated closer to longitudinal central axis than outer end point. 

Device, wherein shield is direct shield, and by displacement from extended position to 
retracted one, it gradually exposes cutting edge from inner end point to outer end point. 

Device, wherein shield is delineating shield in which tissue operated edge is made 
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approximately congruent to cutting edge and exposes cutting edge approximately 
concurrently along the entire length. 

Device, wherein penetrating means is made as a knife, where cutting edge is made in the 
same plane with longitudinal central axis, shield is made^plate-shaped, and*,, 
bias means is made as a flat compression means. 

Device, wherein shield is inverted shield and by its displacement torn ' extended to 
retracted position it gradually exposes cutting edge from outer end point to 
inner end point. 

Device, wherein there is a blunt apex, two cutting edges situated on the common base set 
in a longitudinal groove of distal end of obturator so that cutting edges 
are situated from two opposite sides of obturator distal end at an acute angle to longitudinal 
central axis, whereas shield is made plate-shaped and has two tissue 

operated- edges, one for each* cutting edge so that tissue operated edges are made lilted with 
regard to longitudinal axis so that their tilt angle is less than, tiltangle^of cutting edges, and 
bias means is made as a compression spring, and there-is a loebmeans-for*l6eking - shield in 
extended position. 

Device, wherein there is more than one -penetrating zone?and*the;re4s an:inverted 
multishield having protector members for each penetratingnzone so-thaWprotector-members 
are on a common*ase and*upon-displaceme~nt from extended-to retracted position expose 
penetrating zones from proximal to distal one. 

Device, wherein cutting edge is situated at an acute angle to longitudinal central axis, 
and tissue operated edge of shield is made stepwise, and bias means is made as a 
compression spring, 

The examples of low profile protector embodiments are given. 

Brief Description^of the Drawingsr 

Various embodiments of-the safety trocar assembly of theiSubjeG^applieatioia^will be 

described below with reference-to the folio wing-drawingwherein^: 

Fig. 1 is a perspective view of trocar assembly with tubular penetrating apex shield. 

Fig. 2 is a longitudinal section of trocar assembly of the Fig. 1 . 

Fig. 3 is a perspective view of trocar assembly with spring penetrating apex shield. 

Fig. 4 is a perspective view of distal part of trocar assembly of the Fig. 3. 
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Fig. 5 is a longitudinal section of trocar assembly of the Fig. 4 and demonstrates penetrated 
apex shield in extended position. 

Fig. 6 is a longitudinal section of trocar assembly of the Fig. 4 and demonstrates penetrated 
apex shield in retracted position. 

Fig. 7 is a perspective view of trocar assembly with groove penetrating apex shield. 
Fig. 8 is a longitudinal section of distal part of trocar assembly of the Fig. 7 with groove 
shield in extended position. 

Fig. 9-1 1 are sections of trocar assembly of the Fig. 8 on the levels 9-9, 10-10, 1 1-1 1, 
respectively. 

Fig. 12 is a longitudinal section of distal part of trocar assembly and groove shield of the 
Fig- 8. 

Fig. 13 is a longitudinal section of distal part of trocar assembly of the Fig. 7 with groove 
shield in retracted position. 

Fig. 14 is a longitudinal section of distal part of trocar assembly and groo ve shield of the 
Fig. 13. 

Fig. 15 is a perspective view of trocar assembly with tubular shield and locking means for it. 
Fig. 16 is a longitudinal section of device of the Fig. 15. 

Fig. 17 is a perspective top view of trocar unit of trocar assembly of the Fig. 15. 

Fig. 18 is a longitudinal section on level 18-18 of the trocar assembly of the Fig. 17. 

Fig. 19 is a perspective view of trocar assembly with two independent tubular shields. 

Fig. 20 is a left-hand view of device of the Fig. 19. 

Fig. 21 is a longitudinal section of device of the Fig. 19. 

Fig. 22 is a longitudinal view of trocar unit of device of the Fig. 21. 

Fig. 23 is a perspective view of the trocar unit of the Fig. 22. 

Fig. 24-29 demonstrate successive changes in mutual positions of the shields at the stages of 

trocar penetrating end passing through body cavity wall. 

Fig. 31 is a perspective view of trocar assembly with low profile protector. 

Fig. 32 is a knife-side view of distal part of trocar assembly of the Fig. 30. 

Fig. 33 is a protector-side view of distal part of trocar assembly of the Fig. 30. 

Fig. 34 is a longitudinal" section of distal part trocar assembly of the Fig. 33. 

Fig. 35 is a longitudinal section of the distal part of trocar assembly of the Fig. 33 with 

protector displaced to retracted position. 
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Fig. 36 is a perspective view of trocar assembly with blunt penetrating apex. 

Fig. 37 is a distal part of device of the Fig. 36. 

Fig. 38 is a top view of device of the Fig. 36. 

Fig. 39 is an enlarged view of distal part of deviceof the*Fig. 38. 

Fig. 40 is a fragment of blunt penetrating apex. 

Fig. 41 is a perspective view of trocar assembly with low profile inverted shield. 

Fig. 42 is left-hand view of device of the Fig. 41 . 

Fig, 43 is a top view of distal part of device of the Fig. 41 . 

Fig. 44 is a knife-side view of distal part of device of the Fig. 41. 

Fig. 45 is a shield-side view of distal part of device of the Fig. 41. 

Fig. 46 is a longitudinal view of device of the Fig. 41. 

Fig. 47 is a view of trocar unit of device of the Fig. 41. 

Fig. 48 is a longitudinal section of distal part of device of the Fig. 41 with shield in extended 
position. 

Fig*. 49 is a longitudinal section of distal part of device-of the*Figr;4 Uwith, shield between 
extended and retracted^ositioms* 

Fig. 50 is a longitudinal section 'of distal.part.of device of the Fig. s 41 .with shield-in retracted 
position. 

Fig. 51 is a perspective view of trocar assembly withttwo independent low profile inverted 
shields. 

Fig. 52 is a left-hand view of device of the Fig. 5 1 . 

Fig. 53 is an enlarged distal part of device of the Fig. 51. 

Fig. 54 is a longitudinal section of distal part of device of the Fig.. 51. 

Fig. 55 is a distal part of device of the Fig. 51 with shields between extended and retracted 

positions. 

Fig. 56 is a longitudinal section of device of the Fig. 55. 

Fig. 57 is a distal part of the device of the Fig. 51 with shield in retraeted^position. 

Fig. 58 is-a longitudinal section of device of the Fig. 57. 

Fig. 59 is a perspective view of safety trocar with three independent shields. 

Fig. 60, 61 are views of distal part of device of the Fig. 59 from knife- and shield-side, 

respectively. 

Fig. 62 is a longitudinal section view of distal part device of the Fig. 59. 
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Fig. 63 is a longitudinal section view of distal part device of the Fig. 59 with plated shield in 
retracted, position. 

Fig. 64-72 demonstrate positions of shields at various penetration stages of the distal part of 
Fig. 59 device through body cavity wall. 

Fig. 73 is a perspective view of trocar assembly, wherein cutting elements in distal and 
proximal parts have dissimilar sharpness. 
Fig. 74' is a distal part of device of the Fig. 73. 
Fig. 75 is a top view of device of the Fig. 73. 
Fig. 76 is a distal part of device of the Fig. 75. 

Fig. 77 is a perspective view of trocar assembly, wherein proximal bias members of lateral 

shields are made more rigid than distal ones. 

Fig. 78 is a knife-side view of distal part of device of the Fig. 77. 

Fig. 79 is a shield-side view of distal part device of the Fig. 77. 

Fig. 80 is a longitudinal section view of device of the Fig. 79. 

Fig. 81 is a longitudinal section view of device of the Fig. 79 with plated shield in retracted . . 
position. - 
Fig. 82 is a perspective view of trocar assembly with low profile inverted stepwise shield. 
Fig. 83-85 demonstrate the displacement stages of shield of device of the Fig. 82 from 
extended to retracted position. 

Fig. 86 is a perspective view of trocar assembly, wherein tubular cannula has sloping edge 
and cutting means situated at least partially at the sloping edge level. 
Fig. 87 is a distal part of device of the Fig. 86. 
Fig. 88 is a top view of device of the Fig. 86. 
Fig. 89 is a distal part of device of the Fig. 88. 

Fig. 90 is a longitudinal section view of trocar assembly with mounting means. 
Fig. 91-93 are sectional views of device of the Fig. 90 at 91-91, 92-92, 93-93 levels, 
respectively. 

Fig. 94 is a longitudinal section view of portal unit of device of the Fig. 90. 
Detailed Description of Preferred Embodiments 

Safety trocar assembly is intended for making orifices in body cavity wall and generation of 
conditions for subsequent introduction of instruments into a body cavity/ i 
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Fig. 1 shows trocar assembly 1, comprising trocar unit 2 and portal unit 3. 
Fig. 2 shows a longitudinal section of trocar assembly 1 in enlarged scale. Portal unit 3 has 
tubular cannula 4, portal housing 5 and inner seals 6, 7 located in portal housing 5 and aimed 
to maintain insufflation of the body cavity. Tubular cannula 4 hasuan .open distal end 8. 
Trocar unit 2 has elongated obturator 9 adapted to be removably inserted through e-annula 4 
and having a penetrating, end 10 exposed through cannula 4 open distal end-8. Penetrating 
end 1 0 has penetrating apex 1 1 and a sloping side wall 1 2. Longitudinal opening 1 7 of 
obturator 9 houses protector means 13 comprising tubular penetrating apex shield 14 adapted 
to actuate between a retracted position and an extended position (shown in Fig. 2), when 
shield 14 surrounds penetrating apex 1 1, and sloping side wall 12 surrounds shield 14 from 
the outside. Distal edge 15 of shield 14 forms uninterrupted hedge. Protector means 13 
comprises bias means made as a compression spring 16. In the embodiment shown in Figs. 
1,2 penetratinrapex- 1 1 formed>fey pointed distal edge ©f cylindrical: piece 18, having 
circular ledge 19 which is abutted by circular ledge 20 of penetrating apex shield 14, when 
shield 14 reaches its extended position.. Stopper .bushing 21 abutted by .spring46 is tightly 
placed on proximal ,end of cylindrical piece 1 8.**? 
Device I- is ©per-ated as follows: 

Surgeon holds device 1 by housing 5 and push member 22 situated on 
obturator 9 proximal end. Device 1 is oriented approximately perpendicular to body cavity 
wall and is pressed to it, applying pushing effort to push member 22. The resistance force of 
pierced tissues applied to shield distal edge 15, displaces shield 14 towards retracted position 
so that penetrating apex 1 1 strips bare and pierces body cavity wall tissues. In this process, 
shield uninterrupted distal edge 1 5 forms a hedge precluding the introduction and 
engagement of tissue fibers of body cavity wall between shield 14 and penetrating apex 1 1, 
thus ensuring smooth motion of device 1 through the tissues. When penetrating apex 1 1 and 
shield distal edge 15 have entered a patient's body cavity, howe.ver.,,before penetrating end 
10 has beenrfully inserted, theibree applied^to shield distal.-edg«-l-5 is removed,. and spring 
16 returns shield 14 to extended protected positd©n,.and further«mo«ement«of penetrating end 
10 to body cavity occurs with protected penetrating apex 11, which precludes the injury of 
inner organs. Penetrating apex 1 1 can have diversified shapes, for instance, conical or 
pyramidal one, with cutting edges (not shown in the Fig.). 

Fig. 3 shows safety trocar assembly 101, comprising trocar unit 102 and portal unit 103. 



21 

Fig. 4 shows distal part 123 of device 101 in enlarged scale, and Fig. 5 shows a longitudinal 
section of distal part 123. Penetrating end 110, protruding through cannula 104 open distal 
end 108, has penetrating apex 1 1 1 made integral with obturator 109, penetrating apex shield 
114, and bias means made as a compression spring 1 16. In this, shield 114 and spring 116 
are made as a single piece from coiled springy rod fixed in obturator 109 circular groove 
124. Penetrating end 1 10 also has sloping side wall 1 12, whereon outer cutting means 125, 
126 made as outer cutting members are located, and which can be made of the same material 
as obturaior 109. 

Fig. 4, 5 show shield 1 14 in extended protected position. 

Fig. 6 shows shield 1 14 in retracted position. 

Trocar assembly 101 operates similarly to trocar assembly 1 . 

Fig. 7 shows a safety trocar assembly 201, comprising trocar unit 202 and portal unit 203. 
Fig. 8 shows longitudinal section of obturator 209 distal part 227 in enlarged scale. 
Obturator distal part 227 comprises penetrating apex 211 with penetrating apex cutting 
means looking like distal knife 228 and outer cutting member looking like proximal knife 
225. Both knives - 228, 225 - are made on the plate-shaped base 229, which has two springy 
arms 230, 231 with ledges 232, 233 in its proximal section, said ledges ensuring engagement 
of plated base 229 and obturator 209. Penetrating apex shield 214 is made as two-sided low 
profile shield and has longitudinal slot 234 plate base 229 passes through. Bias means is 
made as a compression spring 216, which abutts shield 214 with its distal face 235, whereas 
its proximal one abutts plate-shaped base 229. In Figs. 7, 8, 12 shield 214 is in extended 
position so that its further distal displacement is limited by ledge 219 on plate-shaped base 
229, which is abutted by shield 214 ledge 220. In Figs. 13, 14 shield 214 is in retracted 
position. 

Device 201 operates similarly to device 1. 

Figs. 15, 16 show a safety trocar assembly 301 with lock means 335 for shield 336 of 
penetrating end 10. Device 301 comprises trocar unit 302 and portal unit 303. Portal unit 303 
has tubular cannula 304 and portal housing 305. Portal housing 305 has inner seals 306 and 
307 to maintain insufflation of body cavity, seal member 307 being made as O-ring, and seal 
member 306 as flapped valve. Trocar unit 302 has obturator 309 comprising distal part 327 
and proximal part 338. 
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Shield 336 is made tubular and has rest ring 339. Bias spring 351 is situated between said 
rest ring 339 and obturator 338 proximal section. 

Lock means 335 has obturator-situated controlling member 340, partially protruding laterally 
of obturator distal part 327 and adapted to the interaction with inner surface 341 of tubular 
cannula 304. Controlling member 340 is made integral with abutting member 342, having 
abutting surface 343. Abutting member 342 by dint of springy legs 344, 345 is spring-loaded 
to obturator 309. 

Fig. 17 shows top view of trocar unit 302. Fig. 18 shows longitudinal section view of trocar 
unit 302 of Fig. 17. In Figs. 17, 18 lock means 335 is in lock position and locks shield 336 in 
protected position. 

Shield 336 wall has elongated through slot 346 with two areas of different width - slot distal 
area 347 is narrower than the slot proximal area 448. Controlling member 340 has width less 
than that of slot distal area 347, whereas abutting member 342 is wider than slot distal area 
347 but narrower than slot proximal area 348. 

Therefore, when trocar unit 302 is outside portal unit 303 (Figs. 17,18), legs 344, 345 shift 
abutting member 342 to lock position, in which abutting member 342 enters slot proximal 
area 348, and abutting surface 343 is set opposite of ledge 349 formed by the transition of 
slot narrow area 347 to slot wide area 348, thus precluding shield 336 proximal 
displacement. Unlocking of shield 336 occurs when trocar unit 302 enters portal unit 303, 
but only after protected penetrating end 3 10 intersects distal inner seals 306, 307 so that 
controlling member 340 is resisted by cannula inner surface 341 and shifts abutting member 
342 from the zone of its interaction with shield 336. 
Device 301 operates similarly to device 1 . 

Figure 19 shows safety trocar assembly 401 with mutually independent shields 414, 436. 

Device 401 comprises trocar unit 402 and portal unit 403. Portal unit has tubular cannula 

404 and portal housing 405 . 

Fig. 20 shows a left-hand view of device 401 . 

Fig: 2 1 shows a longitudinal section view of device 40 1 . 

Trocar unit 402 has obturator 409 comprising distal part 427 and proximal part 43 8. 
Penetrating end 410 comprising penetrating apex 411, sloping side wall 412 and outer 
cutting members 425, 426 450 with cutting edges 45 1 protruding above the sloping side wall 
412 level. There are two tubular shields: penetrating apex shield 414 and outer shield 436. 



There are two independent, separate for both shields 414 and 436 bias means made as 
compression springs 416, 451. There is common for both shields 416, 436 lock means 435 
comprising obturator- situated controlling member 440, partially protruding laterally of 
obturator distal part 427, and adapted to the interaction with inner surface 441 of tubular 
cannula 404. Controlling member is made integral with abutting member 442, having outer 
abutting surface 443 and inner abutting surface 452. Abutting member 442 by springy legs 
444, 445 is spring-loaded to obturator 409. 

Fig. 22 shows a longitudinal section of trocar unit 402 of device 40 1 . 
Fig. 23 shows top view of trocar unit 402. 

In Fig. 22, 23 lock means 435 is in lock position and locks shields 414 and 436 in protected 
position. Shield 436 wall has through elongated slot 446 with two different-width sections - 
distal section 447 is narrower than proximal section 448. Controlling member 440 has width 
less than that of slot 447 distal section, whereas abutting member 442 is wider than distal 
section 447 but narrower than slot 448 proximal section. 

When trocar unit 402 is outside portal unit 403 (Figs.22, 23), legs 444, 445 shift abutting 
member 442 to the lock position, when abutting member 442 partially enters slot 446 
proximal section 448, and outer abutting surface 443 is set opposite of ledge 449 on outer 
shield 436, precluding shield 436 distal displacement, and inner abutting surface 452 is set 
opposite of proximal face .453 of penetrating apex shield 414, also precluding shield 414 
proximal displacement. Unlocking of both shields 414, 436 occurs with trocar unit 402 
entering portal unit 403, which takes place when controlling member 440 interacts with 
cannula 404, and thus forces abutting member 442 out of interaction zone with shields 414, 
436. 

Figs. 24-29 show operating shields on successive stages of penetrating end 410 passing 
through body cavity wall 454. 

Fig. 24 shows starting moment of trocar assembly 401 interaction with body cavity wall, 
when outer shield 436 is between its extended and retracted positions, penetrating apex 
shield 414 is in retracted position, and penetrating apex 41 1 has incorporated into body 
cavity wall 454. 

Fig. 25 shows the moment when both shields 414, 436 are forced out by body cavity wall 
tissue to retracted position. 

Fig. 26 shows the moment when both shields 414, 436 are in retracted position, and 



24 

penetrating apex 411 has penetrated into body cavity. 

Fig. 27 shows the moment immediately after the displacement of penetrating apex shield 414 
to extended protected position. In this process, outer cutting members 426, 426, 450 
continue cutting tissue. 

Fig. 28 shows the moment before shield 436 operation. 
Fig. 29 shows both shields 414, 436 in extended position. 

As can be seen, independent performance of shields 4 1 4 and 436 greatly ensures trocar safe 
operation. 

Fig. 30 shows safety trocar assembly 501 with one-sided low profile shield 514. Device 501 
has trocar unit 502 and portal unit 503. Portal unit 503 has cannula 504 and portal housing 
505. 

Fig. 31 shows the view of device distal part 523 from the side of penetrating apex cutting 

means made^as distal knife.v§28. 

Fig. 32 shows left-hand view of device 501 . 

Fig. 33 shows device distal part 523 from the. side of shield 5.14... 

Fig. 34 shows longitudinal section of deviee-distal^art 523 whem*shield«&14 is in extended 
position. 

Trocar unit 502 has <Dbturator 509 with penetrating end 510 witr^slopimg^ide wall- 512 and 
outer cutting members 525, 526 so that outer cutting members 525, 526-are-made integral 
with obturator 509. Indented distal knife 528 is made on plate-shaped base 529, and has 
one-sided low profile shield 514 with bias means made as compression spring 516. 
When penetrating end 510 passes through body cavity wall, the tissue resistance force shifts 
shield 514 to retracted position (Fig. 35), and stripped knife 528 makes an orifice in the 
tissue. 

Low profile protectors, both one-sided, and two-sided - are the protectors against 
instantaneous operation, i.e. they operate upon knife minimal penet*at.i©n.t© body cavity. 
Fig. 36 shows a safety trocar assembly 601 with blunt apex 655. De^iee fi 60J. comprises 
trocar unit- 602 and portal unit 603. Trocar unit 602 comprises obteato«609- with penetrating 
end 610. Penetrating end.610 has sloping side wall 612, cutting means made as cutting 
arrisis 625, 626 of penetrating end 610 material. Distally of cutting arrisis 625, 626 there is a 
blunt apex 655. The blunt apex sizes are chosen so that it passes through body cavity wall 
tissues with slight resistance, and entering a body cavity, for instance, abdominal cavity, it 
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draws movable organs - intestinal loops, big epiploon - aside, without injuring them. 
Therewith, blunt apex tip 656 can be rounded with rounding radius within 0.5 to 2.5 mm. 
However, the preferential rounding radius is within 0.75-1 .5 mm. 

The blunt apex motion effort through tissue can be diminished if blunt apex 657 is made 
pointed (Fig. 40), but the meeting angle for surfaces 658, 659 should be above 90 degrees, 
preferentially above 1 20 degrees. In such embodiment apex retains its function of blunt 
apex, i.e. it preserves all the benefits of rounded blunt apex 656 with facilitated passing 
through tissue. 

Fig. 41 shows safety trocar assembly 701 with one-sided low profile inverted shield 736. 
Device 701 has trocar unit 702 and portal unit 703. Portal unit 703 has has cannula 704 and 
portal housing 705. Trockar unit has obturator 709 (Fig. 43 - top view of device 701 distal 
part 723) with penetrating end 710. Penetrating end 710 comprises blunt apex 755, sloping 
side wall 712, two knives 725, 725 and inverted shield 736. 
Fig. 44 shows device distal part 723 from the side of knives 725, 726, 
Fig. 45 shows device distal part 723 from the side of shield 736. 
Fig. 46 shows longitudinal section of device 701. 

Fig. 47 shows longitudinal section of device 701 trocar unit 702. Trocar assembly 701 has 
lock means 735 for shield. 736. Lock means 735 has obturator-situated controlling member 
740, partially protruding laterally of obturator 709 and adapted to the interaction with inner 
surface 741 of cannula 704. Controlling member 740 is made integral with abutting member 
742, having abutting surface 743. Abutting member 742 is spring-loaded to obturator 709 by 
springy legs 744, 745. Shield 736 has abutting bar 758. When trocar unit 702 (Fig. 47) is 
outside the portal unit 703, legs 744, 745 shift abutting surface 743 to the level of abutting 
bar 758, and such mutual disposition of shield 736 and lock means 735 is the lock position 
which prevents shield 736 proximal displacement. 

Unlocking of shield 736 takes place when trocar unit 702 is introduced to portal unit 703 but 
only after protected penetrated end 710 passes through distal inner seals 706, 707 so that 
controlling member 740, being resisted by cannula 704 inner surface 74 1 , shifts abutting 
member 742 from the interaction zone with abutting bar 758. 

Figs. 48, 49, 50 show longitudinal section of device 701 distal part 723 in enlarged scale at 
shield 736 various performance stages. 

Fig. 48 shows shield 736 in extended position. Shield 736 is made plated and besides 
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abutting bar 758 has protection edges 759, 760, guiding slots 761, 762, through which 
cotters 763, 764 are passing, window 765, wherein bias compression spring 716 is mounted, 
whose distal end abutts shield 73, whereas proximal end 766 is fixed to plate-shaped base 
729 of knives -725, 726. 

Shield 736 is an inverted shield which means that when it shifts froimextended position to 
retracted position, the opening of knives 725, 725 starts-from -thek proximal. sections 767, 
768. This operation mechanism of shield 736 is achieved owing to the fact that relative to the 
device longitudinal axis the incidence angle of the line connecting distal point 769 and 
proximal point 770 on protection edge 759 is more acute than the incidence angle of the line 
connecting distal and proximal points 771, 772 on knife 725. 

Fig. 50 shows shield 736in retracted position. Consequently, as penetrating end 710 enters 
body cavity, closing of knives 725, 726 starts from their distal sections which ensures low 
injury level. 

Fig. 5 1 shows a safety trocar assembly 801 with two independent low profile inverted 
shields 836, 871 . Device 80'1 comprises trocar unit 802 and .portal-unit 80&. Portal unit 803 
comprises cannula 804 and housing*805. 
Fig. 52 shows left?hand»view of device 804,in enlarged-scale*-- 

Fig. 53 shows device -801 distal-part 823 in enlarged scale; Trocar«unit*802, comprises 
obturator 809 with penetrating end~81Q which is formed by blunt apex 855, sloping side wall 
812, with protection edges 859, 860 of shields 836, 871, and knives 825, 826 protruding 
above it. Shields 836, 871 are made plated and equipped with independent bias compression 
springs 816, 851. Knives 825, 826 (Fig. 56) are made on plate-shaped bases 829, 872. 
Figs. 54-58 show mutual arrangement of knives 825, 826 and shields 836, 871 at various 
operation stages of shields 836, 871. Fig. 54 shows both shields 836, 871 in 
extended-protected position. Figs. 55, 56 show shields 836, 871 in intermediate position 
between extended and retracted position, when only proximal sections-86^r 868«of knives 
825, 826 are open. Figs. 57, 58 show shields 836, 871 in retra©ted l po&itd©n,,when s both 
knives-825, 826 are- open along-thelr- entire lengthst - 

Figs. 54-58 show symmetrical operation of shields 836, 871, but inasmuch as shields 836, 
871 are made independent and are equipped with independent bias springs 816, 851, so the 
operation of shields 836, 871 can be independent , non-simultaneous (not shown on Figs.). 
The operation non- simultaneity stems from resistance non-simultaneity of tissue elements 



of body cavity wall. That is the concept of independent shields permits to take into account 
and to respond automatically to local properties of tissues. 

However, for the surgeon the mode of device 801 operation does not differ from that of 
similar alternative devices. 

Fig. 59 shows perspective view of safety trocar assembly 901 comprising trocar unit 902 and 
portal unit 903. Portal unit 903 has cannula 904 and housing 905. Trocar unit has obturator 
909 with penetrating end 910. Penetrating end is formed by sloping side wall 912, 
penetrating means 973 for orifice formation in body cavity wall, and protector means 913 for 
said penetrating means 973. Penetrating means 973 comprises penetrating zones formed by 
knives 928, 925, 967, 926, 968 made on common plate-sided base 929 (Fig. 62) so that 
knives 925 and 967, as well as knives 926 and 968 have cutting edges confluent with one to 
another. Each penetrating zone has protector member, and each protector member has its 
own bias member. For penetrating zone 928 made as indented knife, protector member is 
made as plane-shaped shield 914, whereas bias member as compression spring 916. 
Protector members 969 and 970 of knives 925, 967 have bias means 95 1 , 979, respectively, 
so that protector members 969, 970 are made as a common shield 936. Common shield 936 
and bias means 951, 979 are made as a single resilient part, having a slat 980, which in 
extended position (Figs. 60, 61, 62) is situated parallel to cutting edge of knives 925 , 967, 
and bias means 951, 979 made as resilient arcs, each of them being connected to . slat 980 by 
one its end 981, 982, whereas the other one 983, 984 is connected to the plate-shaped base 
929. Protector members 985 and 986 of knives 926 and 968 have bias means 987, 988, 
respectively, so that protector members 985, 986 are made as a single resilient part, having a 
slat 990 which in extended position is situated parallel to cutting edges of knives 926, 968, 
and 

bias means 987, 988 are made as resilient arcs, each of them being connected to slat 980 by 
one its end 991, 992, whereas the other ones 993, 994 are connected to the plate-shaped base 
929. 

Figs. 64-72 show mutual arrangement of protector members at various stages of penetrating 

end 910 passing through body cavity wall 954. 

Fig. 64 shows shields 914, 936, 989 in extended position. 

Fig. 65 shows shield 914 in retracted position, and open knife 928 creates an orifice in body 
tissue. 



Fig. 66 shows protector members 969, 985 displaced to retracted position, and knives 925, 
926 create orifice in body tissue. 

Fig. 67 shows all shields 914, 936, 989 in retracted positions. 
Fig. 68- shows knife 928 entry to body cavity. 

Fig. 69 shows the point immediately after shield 914 displacement-to extended protected 
position. 

Fig. 70 shows knives 925 and 926 entry to body cavity, one of them 925 being shown 
protected by protector member 969, which displays independent operation of symmetrical 
protector members 969 and 985, thus ensuring maximal fast operation of protector members, 
and, consequently, minimal injury of internal organs. 

Fig. 7 1 shows protector members 914, 969, 985 in extended-protected position. 

Fig. 72 shows penetrating end 910 as totally entering the body cavity, with totally protected 

penetrating means. 

Fig. 73 shows a safety trocar assembly 1001 comprising,trocar'unit 1 002 and portal unit 
1003. Portal unit 1003 has cannula 1004*and housing 1005. Trocar uniU 002 has obturator 
1 009 with penetrating-apex*.l 0 1'0.- Penetrating- apexsl 0 1 O^svforairieds.by-'blunfeapex 1 055, 
sloping side-wall 1 0 12, and cutting means. Cutting means is made as .two sharped 
protrusions-1 025, 1 026 on sloping side wall 1 0 1 2 so that-protRisions 1 025; -1 026 are made 
with decreasing proximal sharpness, which ensures tissue cutting at the -proximal 
level of protrusions 1025, 1026 at higher tissue tension than by tissue cutting at the distal 
level of protrusions 1025, 1026. Such mechanism of tissue cutting precludes generation of 
excessive diameter orifice in body cavity wall. 

Fig. 77 shows a safety trocar assembly 2001 comprising trocar unit 2002 and portal unit 
2003. Portal unit 2003 has cannula 2004 and housing 2005. Trocar unit has obturator 2009 
with penetrating end 2010. Penetrating end is formed by sloping side wall 2012, penetrating 
means 2073 for orifice formation- in body cavity wall? and protector, means»20 13 for said 
penetrating means 2073. Penetrating means 2073 comprises penetratings-zpnes formed by 
knives 2028, 2025, 2067, 2026, 2068 made on common plate-sided base-2029 (Fig/78) so 
that knives 2025 and 2067, as well as knives 2026 and 2068 have cutting edges confluent 
into each other. Each penetrating zone has protector member, and each protector member ha 
its own bias member. For penetrating zone 2028 made as indented knife, protector member 
is made as plate-shaped shield 2014, and bias member is made as compression spring 2016. 



Protector members 2069 and 2070 of knives 2025, 2067 have bias means 2056. 2079, 
respectively, so that protector members 2069, 2070 as made as a common shield 2036. 
Common shield 2036 and bias means 2051, 2079 are made as a single resilient part, having a 
slat 2080, which in extended position (Figs. 77, 78) is situated parallel to cutting edges of 
knives 2025, 2067, and bias means 2051, 2079 are made as resilient arcs, each of them being 
connected to slat 2080 by one its end 208 1 , 2082, whereas the other one 2083 , 2084 is 
connected to the plate-shaped base 2029. Protector members 2085 and 2086 of knives 2026 
and 2068 have bias means 2087, 2088, respectively, so that protector members 2085, 2086 
are made as a common shield 2089. Common shield 2089 and bias means 2087, 2088 are 
made as a single resilient part, having a slat 2090, which in extended position is situated 
parallel to cutting edges of knives 2026, 2068, and bias means 2087, 2088 are made as - : 
resilient arcs, each of them being connected to slat 2090 by one its end 2091, 2092, whereas 
the other ones 2093, 2094 are connected to the plate-shaped base 2029. In this, proximal bias 
means 2079 is made more rigid than distal bias means 2051, consequently, the displacement 
of proximal protector member 2070 and knife 2067 opening, and further on, tissue cutting at 
this level of penetrating means occurs at higher tissue tension than by tissue cutting at the 
level ofknife2025. 

Shield 2089 operates in similar manner. 

Such tissue cutting mechanism precludes generation of excessive diameter orifice in body 
cavity wall, 

Fig. 82 shows safety trocar assembly 3001 with low profile inverted shield 3036. Device 
3001 has trocar assembly 3002 and portal assembly 3003. Portal assembly 3003 has cannula 
3004, and housing 3005. Trocar assembly has obturator 3009 with penetrating end 301 0 
formed by blunt apex 3055, and sloping side wall 3012, wuth protector edges 3059, 3060 of 
shield 3036 and knives 3025, 3026 protruding over it. 

Trocar assembly 3001 has lock means 3035 for shield 3036. Lock means 3035 has 
obturator-situated controlling member 3040, partially protruding laterally of obturator 3009, 
and adapted to the interaction with inner surface 3041 of cannula 3004. Controlling member 
3040 is made integral with cutting member 3042, having abutting surface 3043. Abutting 
member 3042 by springy legs 3044, 3045 is spring-loaded to obturator 3009. Shield 3036 
has abutting bar 3058. When trocar unit 3002 is outside portal unit 3003, legs 3044, 3045 
shift abutting surface 3043 to the level of abutting bar 3058, and such mutual arrangement of 
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shield 3036 and lock means 3035 is the lock position (not shown in the Fig.), wherefrom 
shield 3036 proximal displacement is impossible. 

Figs. 83, 84, 85 show longitudinal section of device 3001 distal part 3023 in enlarged scale 
at various, stages of shield-3036 operation-.' 

Fig. 83 shows shield 3036 in extended position. Shield 3036 is made- plated and has, in 
addition to abutting .bar,3058 and protection edges.3059, 3060 v guiding slots 3061, 3062, 
through which cotters 3063, 3064 are passing, window 3065, wherein bias compression 
spring 3016 is mounted, abutting shield 3036 by its distal end, and fixed to plate-shaped base 
3029 by its proximal end. 

Fig. 83 shows shield 3036 in the position intermediate between extended and retracted ones. 
Fig. 84 shows shield in retracted position. 

Protector edges 3059, 3060 are made stepwise with varying slope of steps 3095 so that in 
distal-proxdmai direction- the slope of steps 3095 relatives device-3001 longitudinal axis 
decreases, and, consequently,. -in the- same direction decreases the force of steps 3095* 
engagement with 'the tissue, hence, larger tension-is required -fop»shield '60a6,proximal 
displacement upon tissue interaction with proximal. steps. tfhan.it is for,.tissiae*inteEaction with 
distal steps, and hence, cutting of tissue, at the Jev.eLof distal sections. 3025; 3026 occurs with 
smaller tissue tension than at the level of proximal*sections<of knives-3025, 3026.-Such 
tissue cutting mechanism precludes .generation- of excessive . diameter orifice in body cavity 

wall. 

Fig. 86 shows a perspective view of trocar assembly 4001. Device 4001 has trocar unit 4002 
and portal unit 4003. Portal unit 4003 has housing 4005 and tubular cannula 4004. Cannula 
has open distal end 4008, having sloping edge 4036. Trocar unit 4002 has obturator 4009 
with penetrating end 4010, whereon knife 4025 is situated so that knife 4025 proximal end 
4067 is located proximally of distal point 4097 of sloping edge 4096. With such mutual 
arrangement- of sloping edge 4096 and knife 4025 maximally non-injuri©us.adv < ane^of 
penetrating-end thf ougkbody tissues takes placet as knife 4025 cuts^issues^stretched by 
sloping e.dge 4096, thus*preeluding*t-heir ruptures 

Fig. 90 shows trocar assembly 5001 with mounting means 5098. Device 5001 has trocar 
assembly 5002 and portal unit 5003. Trocar asembly 5002 has obturator 5009 with 
penetrating end 5010. Portal unit 5003 has tubular cannula 5004, housing 5005, inner seals 
5006, 5007, and mounting means 5098. Mounting means 5098 comprise inflated cuff 5099 
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mounted on cannula 5004, connector 5100 with rebound valve 5101, passage 5102 made in 
cannula 5004 wall and connecting connector 5 1 00 with cuff 5099. Mounting means 5098 
also has outer mounting means comprising restraining member 5103 movable along cannula 
5004, and resistance means precluding spontaneous proximal displacement of restraining 
member 5103. Restraining member 5103 has a flange 5108 and an orifice 5104 the cannula 
5004 passes through. Resistance means is made as an engagement protrusion: cannula 
engagement protrusion 5 1 05 and restraining member engagement protrusion 5 1 06. In this 
embodiment, engagement protrusion 5105 and 5106 are situated spirally, permitting to shift 
restraining member 5103 along cannula 5004 by its rotation. Device 5001 also has means for 
gas feeding into body cavity, comprising connector 5 1 07 and passes 5108. 
Device 5001 operates as follows. 

Fig. 90 shows the device in ready-to-work view, when cuff 5099 is deflated, and restraining 
member 5103 is in proximal position. Body cavity wall is pierced in usual manner. After 
cuff 5099 introduction into body cavity, trocar unit 5002 is removed. Cuff 5099 is inflated 
via connector 5100, and then by drawing housing 5005 inflated cuff 5099 is pressed against 
body cavity wall 5054, whereas restraining member 5103 is pushed toward cuff 5099 until 
the restraining member 5103 is pressed against body cavity wall 5054 (Fig. 94). Portal unit 
5003 set in this way is well fixed at the body cavity wall 5054, which precludes its 
accidental displacement during introduction and removal of surgical instruments through 
portal unit 5003. Compression of body cavity wall tissues between cuff 5099 and restraining 
member 5103 generates additional hemostasis in cut tissues and serves as a sealing factor, 
precluding gas leakage out of body cavity through the clearance between cannula 5004 and 
orifice walls! To remove portal unit 5003 from body cavity wall, cuff 5099 is deflated. 
Although the present invention has been shown and described in terms of preferred 
embodiments, it will be appreciated that various changes and other modifications are 
contemplated within the spirit and scope of the present invention as defined by the following 
claims. 

Claims: 

What is claimed is: 

A safety trocar assembly comprising: 

- portal unit with elongated, tubular cannula having an open distal end; 
- trocar unit having elongated obturator adapted to be removably inserted through 
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- said cannula and having a penetrating end exposed through said open distal end of said 
cannula and comprising a penetrating apex mechanical cutting means for making 
orifice in body cavity wall, and a sloping side wall; 

- a protector means*situated on"Said»o^ 

adapted to actuate between a retracted and.an extended position* when.saidshteld surrounds 
said penetrating apex and said sloping side wall surrounds said shield from^ the outside; 

- distal edge of said shield forms a hedge precluding the introduction and engagement 
of tissue fibers of body cavity wall both between said shield and said penetrating apex, and 
between said shield segments; 

- bias means for biasing said shield toward said extended position and for permitting 
said shield move to said retracted position in response to a proximally directed force applied 
to said shield distal edge, said bias means, returning said shield to said extended position 
when the force applied to said shield distal edge is removed, which occurs when^said 
penetrating apex and said shield distal edge have entered a patient's body cavity, however, 
before said penetrating end has been fully inserted. 

2. Device according to Claim4 , wherein said bias^means-has 

means made as spring mounted between^said shield and parts of said trocar unit. 

3. Device according to Claim 2, wherein said, spring. is situated in said obturator, 
preferentially in its distal part. 

4. Device according to Claim 1, wherein said shield is tubular. 

5. Device according to Claim 3, wherein said shield is made coiled springy rod. 

6. Device according to Claim 5, wherein said shield is made integral with said spring. 

7. Device according to Claim 1 , wherein said penetrating apex is made as a separate 
part mounted'fhto said^Mrato*^ 

8. Device according to Claim 1, wherein-said penetrating apexes made integral ?with 
at least^distal part-of said*obturator. 

9. Device according to Claim 1, which has longitudinal central axis and said 
obturator and tubular cannula are situated coaxially with it. 

10. Device according to Claim 9, wherein: 

- the displacement vector of said protector means between its said extended and 
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- retracted position is in the plane parallel to said longitudinal axis of trocar assembly; 

- said cutting means comprises at least one cutting edge situated in the plane parallel 
to said central longitudinal axis of the device so that this plane is the cutting plane of said 
cutting edge; 

- said protector means has a shield for protecting said cutting edge; 

- said shield has shield outer surface and as such serves that section of said shield 
surface which in the assembled position of said trocar assembly and when-said shield is in 
said extended position is located distally of said open distal end of tubular cannula and 
protrudes beyound the bounds of members of said trocar assembly immovable relative to 
said tubular cannula; 

- said shield has shield height, and as such serves the distance between said cutting 
plane and said shield outer surface; 

- said shield has shield width, and as such serves the distance between said device 
longitudinal axis and said shield outer surface; 

- said shield has shield local comparative height, and as such serves the ratio of local 
maximal height of said shield to local maximal width of said shield measured in their 
common plane perpendicular to said device longitudinal axis; 

- said shield has proximal protected position, and as such serves the extreme 
proximal position of said shield when there is the complete protection of said cutting edge;. 

- there is a screen area of said shield, and as such serves the section of said shield 
which, when said shield is located in said proximal protected position, is situated between 
two planes perpendicular to said device longitudinal axis so that one of said planes intersects 
the proximal end of said cutting edge, whereas the other said plane intersects distal end of 
said cutting edge, and the plane equidistant from both said perpendicular planes divides said 
screen area into proximal and distal screen zone. 

11 . Device according to Claim 1 0, wherein said shield has shield zones located 
bilaterally of said cutting plane; 

- there is full local comparative height of said shield, and as such serves the ratio of total 
local maximal height of said shield and said local maximal width, so that total local 
maximal height of said shield is the distance between outer surfaces of said shield 
zones measured along the line perpendicular to said cutting plane. 
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12. Device according to Claim 10, wherein there is a one- sided low profile shield 
situated laterally of said cutting plane, and said shield local comparative height along the 
proximal screen area is below 0.8. 

13. Device according to Claim 1 1 , wherein there is a two- sided low profile-shield, 
and said shield full comparative height along the proximal screemarea is below 1 .4. 

14. Device according to Claim 10, wherein said cutting means comprises penetrating 
apex cutting means situated inside of said penetrating apex shield. 

15. Device according to Claim 14, wherein said penetrating apex cutting means are 
situated uniplanarly, whereas said penetrating apex has elongated transversal cross-section 
with largest axis lying uniplanarly with said penetrating apex cutting means. 

16. Device according $o Claim 10, wherein said-cutting means has outer cutting 
means situated outside of said penetrating apex shield. ; 

17. Device according to Claim 13, 16, wherein said penetrating*apex cutting means 
and outer cutting means are made integral on -the plate-shaped^base, andsaid-penetrating 
apex shield is made as two-sided low profile shield, and has longitudinal slot, said plate base 
passes through. 

18. Device according to Claim 16, wherein there is at least one outer shield for said 
outer cutting means adapted to actuate between outer shield retracted - unprotected - position 
and outer shield extended - protected - position, and outer bias means for biasing said outer 
shield toward said extended position, permitting said shield move to said retracted position 
in response to a proximally directed force applied to body tissue operated surface of said 
outer shield, said bias means returning said outer shield to saidM5utep-.shield*extendeaV 
position when the force applied to said outer shield is removed so that-saidtpenetrating apex 
shield and outer shield-are. movable*mdep.enden%-of one»another andean-Abe in at least three 
extreme mutual positions: their simultaneous location in said extended and outer shield 
extended position, respectively; location of said penetrating apex shield in said extended 
position, and said outer shield in said outer shield retracted position; location of both in said 
retracted and outer shield retracted position, respectively. 
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19. Device according to Claim 18, wherein said outer cutting means have at least one 
outer cutting member made as a knife mounted on said penetrating end between said 
penetrating apex shield and said outer shield so that the knife cutting edge protrudes above 
the surface of said sloping wall. 

20. Device according to Claim 1 8, wherein there are two outer cutting members. 

2 1 . Device according to Claim 1 8, wherein there are three outer cutting members. 

22. Device according to Claim 1 8, wherein said outer shield surrounds said 
penetrating apex, penetrating apex shield, and outer cutting means. 

23. Device according to Claim 22, wherein said outer shield is made tubular, and said 
outer biasing means is made as a compression spring. 

24. Device according to Claims 13,19, wherein said outer shield is made as 
two-sided low profile shield, and comprises two rigidly interconnected plate-shaped shield 
members mounted bilaterally of said outer cutting means. 

25. Device according to Claim 1, wherein: 

- said portal unit has a portal housing located on the proximal end of said tubular 
cannula; 

- inner seals located in said portal housing and aimed to maintain insufflation of the 
body cavity; 

- locking means which being in lock position locks said protector means into 
protected position, and being in an unlock position unlocks said protector means so that said 
locking means unlocks said protector means when said cutting means is located distally of 
said seals. 

26. Device according to Claim 25, wherein said locking means has obturator-situated 
controlling member, partially protruding laterally of said obturator and adapted for the 
interaction with inner surface of said tubular cannula for moving abutting member, which is 
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spring-loaded to said obturator and has abuttng surface for rigid abuttment of said protector 
means members, when said locking means is in said lock position. 

27. Device according*) Claims 4-8, 26^whe B e,in each of said independent shields has 
independent said locking-means: 

28. Device according to Claims 24, 27, wherein said penetrating apex shield and said 
outer shield have independent said locking means. 

29. Device according to Claim 18, 26, wherein there is said locking means for one of 
said shields, which in said protected position ensures protection of said penetrating apex and 
of all said cutting means. 

30. Device-according toClaims 23, 29, whe*ein>there, is saidlocking means to said 
outer shield... 

3 1 . Device according to Claim- d e^h6B^.i^etfeare^la^gjDpeart)r dilating*said 
orifice in body cavity wall, foi*ned"by- said-f«neimtmg,^p^andcuttiag^©aiis4o the 
dimensions permittmg-entr^ comprises 
said sloping side wall and sloping edge of said open distal end of said tubular cannula so that 
said sloping edge of tubular cannula is located in the plane intersecting said device 
longitudinal central axis at an acute angle, whereas proximal end of said cutting edge of 
outer cutting means is situated proximally of distal point of said tubular cannula edge. 

32. Device according to Claim 1, wherein there is portal unit mounting means for 
mounting said portal unit in .said orifice of body cavity watluvhieh has-inner.mounting. 
means made as inflatedcuff mounted on said tubular cannula, and thene4s eonnector means 
for saidfouff conneetion-to the«extemal»gas supply. 

33. Device according to Claim 32, wherein there is an outer mounting means 
comprising restraining member movable along said tubular cannula, and resistance means 
precluding spontaneous proximal displacement of said restraining member. 
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34. Device according to Claim 33, wherein said restraining member has a flange and 
an orifice said tubular cannula passes through, and said resisting means is made as 
engagement means and has restraining member engagement protrusions situated on inner of 
said orifice, and tubular cannula engagement protrusions situated on outer surface of said 
tubular cannula. 

35. Device according to Claim 32, wherein said connection means comprises 
connector with rebound valve and a passage connecting said connector and said cuff and 
passing through the wall of said tubular cannula. 

36. Device according to Claim 32, wherein there is outer sealing means to maintain 
insufflation of the body cavity precluding gas leakage out of body cavity into the atmosphere 
through the spacing between said portal unit and walls of said orifice in body cavity wall, 
and said outer sealing means has seal member, and said inflated cuff serves as such. 

37. Device according to Claim 36, wherein there is cuff traction means ensuring 
retaining of said inflated cuff against inner surface of body cavity wall in its inflated state. 

38. Device according to Claim 34, 35, 37, wherein said outer mounting means serve 
as said retaining means. 

39. A safety trocar assembly comprising: 

- portal unit having elongated obturator with penetrating distal end; 

- longitudinal axis of trocar assembly; 

- penetrating means for orifice formation in body cavity wall, having at least two 
penetrating zones: first penetrating zone and second penetrating zone; 

- a protector means, having protector member for each of said penetrating zones and 
adapted to actuate between a retracted and an extended position, when each said 
protector member has body tissue operated surface which is the section of said 
protector member surface which contacts with body cavity wall tissue and while 
interacting with body tissue results in displacement of said protector member opposite 
of said extended position toward said retracted position so that displacement vectors of 
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- said protector members between their said retracted and extended positions are in the 
planes parallel to said longitudinal axis; 

- bias means for each of said protector members for biasing said protector members 
toward said,extended position and for pernii-ttlng^aidv.proteetor membePS.mo,v.e to said, 
retracted position in response to a force applied*) said tissue operated-surfaee, said bias 
means, returning said protector members to said, extended position whemthe^force-applied to 
said tissue operated surface is removed so that said protector members move independently 
of one another between their said extended and retracted positions. 

40. Device according to Claim 39, wherein said penetrating means at the level of at 
least one said penetrating zone is made as cutting member with cutting edge so that said 
cutting edge is situated in the plane parallel to said longitudinal axis, and this plane is the 
cutting plane for said cutting-edge.- 

41. Device according- to Claim 40; wherein*said bias«means is *nadeas resilient 
members. 

42. Device according,to Claim 4 1 , wherein-said protector*membeFS are»made as 
separate shields. 

43. Device according to Claim 41, wherein said protector members are made as a 
common shield for at least two penetrating zones, a penetrating means made as said cutting 
members with common cutting edge so that each of said cutting members is protected by 
corresponding regions of said common shield so that each of said common shield regions is 
by its own said bias means. 

44. Device according to Claim 41, wherein-there-is at least,©ne«pemetrating zone level 
limited by two planes^perpendicular to said4ongitpdinaM^ 

extreme distal point of said penetrating zone, whereas another one intersects the extreme 
proximal point of said penetrating zone. 



45. Device according to Claim 41, wherein there is a blunt penetrating apex, 
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first and second penetrating zones are situated proximally of said blunt penetrating apex. 



46. Device according to Claim 43, wherein said common shield and said bias means 
are made as a single resilient part having a slat which in said extended position is basically 
situated parallel to said cutting edge, and resilient arcs, each of them being connected to said 
slat by one its end, whereas the other one is connected with the members of said penetrating 
end immovable relative to said cutting edge. 

47. Device according to Claim 43, wherein said common shield in said extended 
position extends beyond the bounds of said cutting edge no more than 2 mm in the direction 
parallel to said cutting plane of said cutting edge. 

48. Device according to Claim 44, wherein there are at least two said penetrating 
zone levels, one being distal and another one, proximal. 

49. Device according to Claim 44, wherein there are at least two said penetrating 
zones in said penetrating zone level. 

50. Device according to Claim 49, 42, 45, wherein there are two said cutting 
members, whereas said protector members are made as plates situated parallel to the 
corresponding said cutting members, and said bias means are made as compression springs 
and said blunt penetrating apex is in line with said longitudinal axis. 

5 1 . Device according to Claim 48, wherein a section of said penetrating means at the 
level of said penetrating zone and corresponding to it said protector member and bias means 
are a penetration unit so that said distal and proximal penetration units are made so that the 
penetration into body tissue at the level of said proximal penetration unit occurs under higher 
tissue tension than the penetration of tissue at the level of said distal penetration unit. 

52. Device according to Claim 51, wherein rigidity of said proximal bias means of 
said proximal protector unit is higher than the rigidity of said distal bias means of said distal 
protector unit. 
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53. Device according to Claims 46, 47, 48, wherein there is more than one said 
common shield, and they are situated around said longitudinal axis at regular intervals from 
each other. 

54. Device according^ Claims 52, 53, wherein said distal penetrating unit has said 
cutting member, said protector member is made plate-shaped and*situated*parallel to said 
cutting member, and said bias means is made as a flat compression spring. 

55. Device according to Claim 39, wherein there is a portal unit with elongated 
tubular cannula, having an open distal end through which said penetrating end of said 
obturator is exposed. 

56. Safety trocar assemblyrfor making oriWin body cavity wall and.for portal unit 
mounting in said-orifice, comprising: 

- central longitudinal axis; 

- elongated obturator with distal,BeHe^ttn«!§nd^awngJ^uht.;^^d -Gutting 
means situated proximally of said blunt apex; 

57. Device according to Claim.56, wherein said blunt apex»has: 

- a base constituted by the section of said blunt apex situated at distal point level of 
said cutting means; 

- a blunt apex distal point formed by the extreme distal point on the surface of said 
blunt apex; 

- blunt apex central axis constituted by the axis parallel to said central longitudinal 
axis and intersecting said blunt apex distal point; 

- a diameter^of said-blunt apex base constituted by the diameter of a circumference 
made at the level of said base blunt apex and circumscribing the-most^.ratnuding ppints on 
saidcsurfa-ce^of said-base blunt ape-x so that*the*eenter of said^ircum.ferenee s is location said 
central axis blunt apex, and said circumference is in the plane perpendicular to said central 
axis blunt apex. 



58. Device according to Claim 57, wherein said obturator has a diameter constituted 
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by the diameter of the largest circumference with the centers on said central longitudinal axis 
made in the planes perpendicular to said central longitudinal axis, and circumscribing the 
most protruding points on the surface of said obturator at the distal half section of said 
obturator so that said diameter of base blunt apex constitutes less than 75% of said obturator 
diameter. 

59. Device according to Claim 58, wherein said diameter of base blunt apex 
preferably constitutes less than 30% of said obturator diameter. 

60. Device according to Claim 57, wherein end of said blunt apex is round. 

61 . Device according to Claim 60, wherein the diameter of said blunt apex end is less 
than said diameter of base blunt apex. 

62. Device according to Claim 57, wherein said blunt apex central axis coincides 
with said central longitudinal axis. 

63. Trocar assembly comprising: 

- longitudinal central axis; 

- portal unit with elongated tubular cannula, having an open distal end having at least 
one sloping edge situated in the plane intersecting said longitudinal central axis at an acute 
angle; 

- trocar unit having elongated obturator adapted to be removably inserted through 
said cannula and having a cutting means for making orifice in body. cavity wall, and exposed 
through said open distal end of said cannula; 

- said cutting means has at least one cutting edge so that proximal end of said cutting 
edge is located proximally of distal point of said sloping edge of said tubular cannula. 

64. Device according to Claim 57, wherein there is a cutting plane of said cutting 
edge constituted by the plane intersecting said cutting edge and said longitudinal central 
axis; 
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65. Device according to Claim 64, wherein said cutting plane is the symmetry plane 
of said sloping edge. 



66. Device according to Claim 63, wherein the*& are more than,one»said cutting edge 
having differing said cutting planes. 

67. Device according to Claim 66, wherein the number of said sloping edges 
corresponds to the number of said cutting planes. 

68. Trocar assembly comprising: 

- portal unit with elongated tubular cannula and portal unit mounting means for 
mounting said portal unit in orifice of body cavity wall which has inner mounting means 
made >as inflated cuff mounted on said-tubular cannula, -an^tfeere is connector means for said 
cuff connection to the external gas supply. 

69. Device according to Claim 68, wherein -there 4s an,outer mountmg means 
comprising restraining member-movable along said tubular cannula, and resistance means 
precluding spontaneous proximal displacement of said restraining-member* 

70. Device according to Claim 69, wherein said restraining member has a flange and 
an orifice said tubular cannula passes through, and said resisting means is made as 
engagement means and has restraining member engagement protrusions situated on inner of 
said orifice, and tubular cannula engagement protrusions situated on outer surface of said 
tubular cannula. 

71. Device according to Claim 68, wherein said connection*meams*eomprases 
connector with rebound valve and a passage connecting said conneet©r*and*said<cuff and 
passing through the walliiof said-tubul'ar Gamulav ' 

72. Device according to Claim 68, wherein there is outer sealing means to maintain 
insufflation of the body cavity precluding gas leakage out of body cavity into the atmosphere 
through the spacing between said portal unit and walls of said orifice in body cavity wall, 
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and said outer sealing means has seal member, and said inflated cuff serves as such. 

73. Device according to Claim 72, wherein there is cuff traction means ensuring 
retaining of said inflated cuff against inner surface of body cavity wall in its inflated state. 

74^ Device according to Claim 70, 71, 73, wherein said outer mounting means serve 
as said cuff traction means. 

75. A safety trocar assembly comprising: 

- portal unit with elongated, tubular cannula having an open distal end; 

- said portal unit has a portal housing located on the proximal end of said tubular 
cannula; 

- trocar unit having elongated obturator adapted to be removably inserted through 
said cannula and having a penetrating end exposed through said open distal end of said 
cannula, and a cutting means for making orifice in body cavity wall, situated on said 
penetrating end; 

- a protector means situated on said obturator and adapted to actuate between a 
retracted and an extended protected position; 

- bias means for biasing said protector means toward said extended position and for 
permitting said protector means move to said retracted position in response to a proximally 
directed force applied to said protector means, returning said shield to said extended position 
when the force applied to said protector means is removed; 

inner seals located in said portal housing and aimed to maintain insufflation of the 
body cavity; 

- locking means, which being in lock position, locks said protector means into 

protected position, and being in an unlock position unlocks said protector means so 
that said locking means unlocks said protector means when said cutting means is 
located distally of said seals. 

76. Device according to Claim 75, wherein said locking means has obturator-situated 
controlling member, partially protruding laterally of said obturator and adapted for the 
interaction with inner surface of said tubular cannula for moving abutting member, which is 



44 

spring-loaded to said obturator and has abutting surface for rigid abuttment of said protector 
means members, when said locking means is in said lock position. 

77. Device according to Claim 76, wherein said .cutting means is made as knives; 
said protector means is made as a tubular member, and said bias means is made as a spring. 

78. Safety trocar assembly comprising trocar unit having: 

- elongated obturator; 

- penetrating means situated on distal end of said obturator and having at least one 
penetrating zone; 

- a protector means situated on said obturator and comprising shield for said 
penetrating zone and adapted to actuate between a retracted and an extended position; 

- bias means for biasing said shield toward said extended position, and for permitting 
said shield* move to said retracted position; 

- longitudinal central axis of said obturator; 

- displacement vector of saidshield ? between tn^ 
positions is in the'plane parallel to said longitudinal, axis; 

- said shield is made as one^sided*low profile shield,. and.*ituated*on one side of 
cutting plane"of said penetrating zone, and*along4he proximal scEeen,area has the shield 
local comparative height less than 0.8. 

79. Device according to Claim 78, wherein there is a portal unit with elongated 
tubular cannula, having an open distal end through which said penetrating means and said 
shield are exposed so that said shield has shield open part and as such serves the section of 
said shield which by said shield location in said retracted position is situated between two 
planes perpendicular to said, longitudinal central axis^so thafcene . of 4hem inter.seets the distal 
point of said shield, and the other said plane intersects the proximal poinfrof the section of 
inner surface of said shield protruding beyond the bounds of the ^memfce^r.sto.ftsaid.trocar 
assembly immovable with regard to said penetrating means and located distally of said open 
distal end of tubular cannula. 



80. Device according to Claim 79, wherein said shield open part situated proximally 
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of said screen area has the shield local comparative height less than 0.8. 

8 1 . Device according to Claim 79, wherein inner diameter of said tubular cannula at 
the level of said open distal end is within 10 mm to 12.5 mm range so that said maximal 
height of said shield along the entire said shield open part is less than 3.5 mm. 

.82. Device according to Claim 79, wherein inner diameter of said tubular cannula at 
the level of said open distal end is within 5 mm to 6.5 mm range so that said maximal height 
of said shield along the entire said shield open part is less than 2 mm. 

83. Device according to Claim 78, wherein said penetrating zone has cutting edge 
situated in the plane parallel to said longitudinal central axis, and said cutting edge has inner 
end point and outer end point so that said inner end point is situated closer to said 

longitudinal central axis than said outer end point. 

84. Device according to Claim 83, wherein said shield is direct shield, and by 
displacement from said extended position to said retracted one, it gradually exposes said 
cutting edge from said inner end point to said outer end point. 

85. Device according to Claim 83, wherein said shield is delineating shield in which 
tissue operated edge is made approximately congruent to said cutting edge and exposes said 
cutting edge approximately concurrently along the entire length. 

86. Device according to Claim 83, wherein said shield is inverted shield and by its 
displacement from said extended to said retracted position it gradually exposes said cutting 
edge from said outer end point to said inner end point. 

87. Device according to Claim 83, wherein there is more than one said penetrating 
zone and there is an inverted multishield, having protector members for each said 
penetrating zone so that said protector members are on a common base and upon 
displacement from extended to retracted position expose said penetrating zones from 
proximal to distal one. 
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88. Device according to Claim 80, 84, wherein said penetrating means is made as a 
knife, where said cutting edge is made in the same plane with longitudinal central axis, said 
shield is made plate-shaped, and bias means is made as a flat compression means. 

89. - Device according to Claim 80, 86, where inrthere is a blunt apex,- two-said cutting 
edges situated on the common base set in a longitudinal groove*©f«said. distal end of said 
obturator so that said cutting edges are situated from two opposite sides of said obturator 
distal end at an acute angle to said longitudinal central axis, whereas said shield is made 
plate- shaped and has two said tissue operated edges, one for each said cutting edge so that 
said tissue operated edges are made tilted with regard to said longitudinal axis so that their 
tilt angle is less than said tilt angle of cutting edges, and said bias means is made as a 
compression spring, and there is a lock means for blocking said shield in said extended 
position. 

90. Device according to Claim 89, 80rwherein said cutting edge is-situated at an 
acute angle*© said, long%di.nal.eenti;al axis^and^aid^ss^op^ed e.dge jof .said shield is 
made stepwise, and bias means is made.,asva,compression springy 

91. A safety trocar assembly comprising* , 

- longitudinal central axis; 

- portal unit with elongated, tubular cannula having an open distal end; 

- trocar unit having elongated obturator adapted to be removably inserted through 
said cannula and having a penetrating end exposed through said cannula open distal end; 

- penetrating means situated on said penetrating end; 

- a protector means for said penetrating means having at least one shield situated on 
said obturator, and adapted to actuate between a retracted and an extended position when said 
shield protects-said penetrating means; 

- shield open part, this being the par*of said shieldrwhieh*when»said*protector means 
is in said retracted position, is situated distally of the'plane-perpendieulafi.t^said, longitudinal 
central axis and intersecting the proximal point of the section of outer surface of said shield 
protruding beyond the bounds of the members of said trocar assembly immovable with 
regard to said penetrating means and located distally of said cannula open distal end; 
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- common projection of outer surfaces of the members of said trocar assembly 
situated distally of said cannula open distal end onto the plane perpendicular to said 
longitudinal central axis, having the center in the intersect point of said plane and said 

longitudinal central axis; 

- projection width of said shield and as such serves the distance between said said 
common projection center and its most remote point on said shield projection outline; 

- relative projection area of said shield outer outline which is the ratio of said 
projection area of shield outer outline to the area of the circle with radius equal to said 
projection width of said shield so that said relative projection area of said shield outer outline 
is always less than 0.4. 

92. Device according to Claim 91, wherein said relative projection area of shield 
outer outline is less than 0.2. 

93 . A safety trocar assembly comprising trocar unit with penetrating means having at 
least two penetrating zones - distal and proximal - so that penetration of body tissue at the 
level of said proximal penetration zone occurs under higher tissue tension than penetration of 
tissue at the level of said distal penetration zone. 

94. Device according to Claim 93, wherein said penetrating means at the level of 
said distal and proximal zones are made as cutting members so that said distal cutting 
member is made sharper than said proximal cutting member. 

95. Device according to Claim 93, wherein there is a protector member for each of 
said penetrating zones so that the displacement of said proximal protector member from the 
extended to the retracted position demands greater effort that the displacement of said distal 
protector member. 
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